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The P R E F A GE 


HIS ſecond Volume 1 more i of an Apoligy 
than a Preface 
coun 


reface, upon many Accounts; firſt upon 
t of the Time, that it has been delay'd, when it ſhould 
. have follou d the Firſt, which Delay WAS occa- 
fron'd by the Promiſe I made in my fin, Book to decide the 
eftion about the Force of Bodies in Motion, which has 

| now been a Subject Lg Diſpute about 59 Years; the Gentle- 
men of Germany, Italy and Holland meaſuring that Force 
by the Product of the Maſs i into. the ſquare of the Velocity 
of the Body; and thoſe of France and England meaſuring 
#hat Force by the W the Maſs into the fimple Ve- 


 F could not quit my Convittion in favour of the old Opi- 
niom as it was ſupported by Demonſtration; but yet could 
not find any want of Accuracy in ſeveral of the . 
F examin'd, which were made to prove the new Opinion: 
neither could I find any Fallacy in the Reaſoning from thoſe 
Experiments, tho" I thought it mut be want of Penetration 
in me that ] could not perceive it, ſuppoſing thut both Opi- 
nions could not be true. At laſt, as I was often blam'd for 
not publiſhing my ſecond Volume, I reſolv'd to fatisfy my 
Subſcribers, and to mention the principal Arguments and 
Experiments alledg d for both Opinions; but my Friend 
My. Profeſſor P. V. Muſchenbroek ſending me Mord, that 
be begg d I would poſfipone publiſhing my ſecond Volume till 
J had read. Dr. bracts s laſt Edition of his Philoſo-- 
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PREFACE. 


9 8 53 1 complied with his Defire, and examining every 


thing again with Care, found that the Philoſophers on both 
Sides were right in the main; but only ſo far wrong, as they - 
atiributtd to tbeir Adverſaries Opinions, which they had 
not : and that the whole was only a Diſpute about I. Parts; ; 
the contending Parties meaning different Things by the Word 
Force. / I have ſucceeded. in reconciling this Matter, 


- the. Profeſſor Muſchenbroek deſerves. the Praiſe of it, by 
E whoſe Love of Impartiality T was N 2 en to exa- 


mine all the Arguments anew. \ 
I hope this will ſatisfy: ſuch as Baue n my Delay 


too long; but. ſome of my Subſcribers may be di pleas da he t 
I have not exactly complied with my Propoſals given out be- 


fore the Publication of the, firſt Volume; till I let them 


know that it is owing to @ great Majority of the Subſcribers . 
that I have alter d my fir Defig gu, and made my ſecond. 


Volume what it is now. As my curious Friends know, that 


'T have made the Confideration of Water-Engines my Study 
for many Years; they defir d that I would fully treat upon 


that Subject by Rubs deduc'd from my Hydroftatical and 
Pneumatical Lectures, and give a Deſcription of a ſufficient 
Number of Engines to make the Practice of ſo uſeful an Art 
eaſy. Becauſe tho we have many Draughts of Machines, 


we have but ſuperficial Deſcriptions of them. And where 
ve have ſome Calculations, they are too abſirafted; and 


we have no certain Rules to direct us that we may not be 


=y mpo d upon by ourſelves, nor ſuffer mechanical Undertakers 


to impoſe upon us. I have complied with this Defire, which 
has fwell'd out the Volume of my Book fo as to leave no 
Room for the Opticks, which 1 Jad formerly promis d to 


give; for the Book nc contains above 100 Pages, or 12 


Sheete more than my firſt V. olume, and there are 22 large 
additional 


17 Thad 
2 


additional Copper-Plates, (tbe Plates of this Volume 6 
in all 46) which has fwell'd the Book to as large a Bulk as 
can well be bound in one Volume. © 44M 

A the Treatiſe of Opticks," I defign'd'to' publiſh, was 
only intended to be eaſy and popular; I refer the Readers 


- 


who are defirous of | ſeeing "the Subject treated of in that 


manner, to the Book of Opticks publifh'd by the Reverend 


and Learned Dr. Smith, Maſter of Trinity College in 


Cambridge, where that Part which be calls Popular Op- 
ticks will give them full Satisfaftion. gg. 

All that I have new in Opticks, as alſo my explicit De- 
ſcription of making ſeveral of Sir Iſaac Newton's Experi- 
ments to make them eaſy in the Execution ; (becauſe ſeveral 
People have fail d in their Attempts, for want of ſome cau- 
tionary Directions) is to be met with in the Philoſophical 
Tranſactions, Numbers 348, 360, 361, 374,406. And this 
T hope will plead my Excuſe. But ftill I muſt apply farther 
to my Subſcribers, in defiring them not to think it too much to 
pay 18  Shillings for this Volume in Sheets, or one Guinea 
bound; the Expence which has brought it to this Bulk and 
Number of Plates, being the double of "what was firſt in- 
tended. Befides, thoſe that think it too dear, need not tale 


it, But I hope at laſt I hawe one Merit to plead ; which 


is, that I have put it out of the Power of any Perſon 10 be 
impos'd upon for the future, by thoſe that pretend to great 
Performances in Water-Works, by ſhewing the utmoſt that 


can be done that Way, as the Reader may find in that Part © 


of my Book that treats of Engines. And it is this: No 


Man muſt hope that with any Engine in the World, a Man 


Hall raiſe more than one Hogſhead of Water ten Feet 
high in a Minute, with moderate Work, or ſuch as he may 
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This is à very nevefary Saus for there. are W 
Per/onis awho habe Money," that are ready to ſupply boaſting . 
Enginters wb at, in bupes of great Returns; and eſpe- 
cially if the Project has the Sanctiom of an Act of Parlia- 


ment to ſupport and then the Bubble becomes compleat, e 


and ends in Rin: 


About tub years ago a Ma propefed an ering 10 raiſe 
by one Man's Work about ten times more Water than was 
poſſible to md Height in a tertain Time; for which 

he wanted an AF of Parliament, and got a Report of 


the Committee, appointed to examine the Matter, That he 
had made out the Allegation of his Petition. If this had 


paſs'd, great many Perſons are ready to fubſcribe conſi- 
derable Sums to * Project ; which Money of courſe would 
all have been loft, and perhaps ſome Families ruin d; but a 
Nobleman, who under/ſiands the Mature of Engines very 


well, knowing the Inipoſſibility Us what was propos d, threw 
out the Bill. 


Our Legiſlators may make Laws to govern us, repeal 
ſome, and enact others, and we muſt obey them; but they 
cannot alter the Laws of Nature ; nor add or take away 
ONE wore from the Gravity of Badies, 
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IHE Doe mann of Bodies, (or of the wha 
7 2 from the Stroke of Bodies that come againſt each 
_  - other in the ſame,  oppaſite, or. oblique Derne, and 
ö ; — various Circumſtances) is ſo * aig 
is u hardly any. Machine (eſpecially avy compaunded one): Cont'd for 


the Uſes of Life, to which it is not cable :- and | Philoſo- 
phical Truths are alſo 9 5 * oy 18 

5 Tnosꝝ who are not much accuſtom d to apply Mathematical Theo- 

ries to the erecting and working of Engines, but tather conduct their 

Practice by what they have ſeen good in ſome Machines, and ſhunning 

the Errors that they have obſerva; in others, may find by reading ſome of 

the Notes to this Lecture with attention, that making Experiments on 

pendulous Balls of different kinds ſtriking againſt each other, is not 

5 matter of meer Curiolity ; but that from the Effects of ſuch Shocks or 

| Strokes carefully obſerv'd, Rules may be drawn whereby they may con- 

trive ſuch Machines? priori, that they may always be . of what the 

Effect of the Performance. will be: Whereas, without theſe FOE wh 
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Lect. VI. 
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2. As al | Bodies, i in „ reſpe of their ſtriking ago each br op may 


be conſider d as having Elaſticity or having none, or as the Elaſticity they 


have is more or leſs perfect; it wilFnot be improper, before we come to 
conſider this Subject e y, to lay Jomgthing concerning Elaſticity. 


4: Tnar Property whiclyſhme Bodies, whoſe Figure (or the Poſition 
of whoſe Parts) has been alter'd, have of reſtoring themſelves, when 
the Force which alter'd their Figure has been remov'd, is called their Ela- 

ficity. This will be further illuſtrated by the following Experiments. 


ExrrRIMENT I. Plate 1. Fig. 1. 


4. LET a Wire or a Cat- gut String, as A B, be ſtretch d upon a Table, 
(a made above it ſo as not to touch it) bytwiſting one of the Fiddle- Pins A 
or B, to which it is faſtned. Then taking hold of the middle of it, bring 
it to D, ſo as to ſtretch the String, and put it into the Poſition A DB; 
from which, as ſooh as you let it go, it will reſtore itſelf into the Po- 
ſition A B ang che. F orce W it * it, is call d its Elaſticity, 


5. Tur Cauſe of this Property | in Bodics | is as mach unknown as the 
Cauſe of Gravity. There have been indeed {everalConjeRtures about it; 
but as the in Newtonian Philoſophy Conjectures are never given for So- 


lutions, I ſhall not quote them here; only I ſhall mention tem.) in the 
Notes, not as true, but probable Cauſes . 


6. Wren the string from the Poſition A DB is by its Elaſticity re- 


- turn'd to the Poſition A B, it will not remain there, but by the firſt Law 


of Nature will go on till it comes to C, where it has Toft all its Motion. 
Then by the Elafticity and firſt Law, it will go back again towards D, 
then again towards C; and fo alternately for ſome time, vibrating like 
a Pendulum, fo as to loſe a little of its Motion every time, till it comes 
to reſt at laſt, all the Vibrations, as C D, c d, « , being iſochronal, as 
in a Pendulum. N. B. If there was no Reſiſtance of Air, nor Fric- 
tion, at the Centers A and B, and the Elaſticity of the string was per- 
beer, ſuch a String wou'd vibrate perpetually. 


WHETHER the middle of the String A B be brought quick or lowly 
to the Point D, it ſets out with the whole accumulated Force with 
which it has dees bent, whereby it accelerates its Motion till it comes to 
the Line AB, then goes with a retarded Motion towards C; as we have 
L. 5. Ne. 78. taken * of in the firſt Volume, when we ſpoke of the Bow or Spring. 


EXPERI» 
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8. WitTHER the String be ſtruck perpendicuſatly or obliquely, in 


the very Middle, or towards either End; the Reaction of the String is 


always in Lines perpendicular to it, as is the Caſeof the Surface of elaſticæ 


Bodies that are ſtruck. For if you preſs the Ball againſſ the String, ſo as 
to bend it at the Points E or F, i will (upon the Removal of your Hand) 

by the Reſilition of the String fly back in the Line EG o FH. And tho 
when the Ball is roll'd againſt the String in the obl que Duection G c, it 
returns obliquely in the Direction c H, fo as to make the Angle of Re- 
flection Me H equal to the Angle of Incidence Ge M; yet that Effect 
ariſes from the Reaction of the String in a Direction perpendicular to 
it, as may be calily known by calling to mind what has been ſaid in 


the firſt Volume concerning oblique Strgkes and compound Motion “; geg , No. 
| | 85 & Ann. 

&T 7. Is 5. 
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ſome Part of which we will repeat here. 


9. LET the Motion of the Ball in the Line Ge be refolv'd into twe 1. 


Motions, or the, Motions produced by, the Action of iwo Forces in the 
Directions G E and G D, one of Which (G E) is perpendicular, and the 
other (G D) parallel to the String AB. Now as the Force acting in the 
Direction G D does not bring the Ball towards the String, chat Force 
is not at all loſt by the Stroke; and as only the Force acting in the Di- 
rection G E puſhes the Ball againſt the String at c, the ſame Effect is 
produc'd aß if the Ball had mod all along D e in the ſame time that it 


mov'd along G c. But this laſt Force being u holly ſpent in bending the 


String at c, and raiſing its Elaſticity, the Refilition of the String acts 
upon the Body with an equal Force in the Direction c D: but the 
Force G D, (which not having been deſtroy'd ſtill ſubſiſts) bei g now 
transferr'd to c F, the Ball is acted upon by two Forces, whoſe Quapti- 
ties and Directions VE eee by Fand c D, (the N 
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10. We may conſidet all elaſtick Bodies as made up of ſuch Strings. 
as AB *, orratherofelaltick Strata parallel to each other, whoſe Effect 
we will conſider in what happens to an elaſtick Ball. See Hg. 3. where 
A B repreſents. thoſe Strata. If the Ball be ſtruck at D by an hard or 
an elaſtick Body, all the Strata will be bent in towards C, as the prick'd 
Lines repreſent, whilſt the Ball is flatten'd or dented in atD ; but the 
Strata quickly reſtoring themſelves, the Surface of the Ball reaſſumes 
its firſt Figure, and that more'or leſs exactly according to the Degree 
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Sides of the Parallelvgram CDH F) and therefore muſt move in the 


Line c H N of the ſaid, Parallelogram and oblique to A B. 


ſewn. 
P55, 5363 J 
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of Perfection of the Elaſticity of the Ball. That the rata are bent in, 


or the Force of the Stroke reaches as far as the Center, is plain by the: 


EXPERIMENT 3. 


. | 


I xooxk an Ivory Ball of an Inch and half Diameter, and having ſuſ- 
pended it by a String about 4o Inches long to one. of the Center Pins of 
an Inſtrument to hang pendulous Bodies on, (fee Pl. 26. F. 12. Vol. 1.) 
to which was hanging from the ſame Height another Ivory Ball of four 
times the Weight, and having rais'd up the firſt Ball ſeveral times to the 


fame Height, that it might ſtrike the other Ball which was at reſt with 


the ſame Force, I obſerv'd upon the Degrees of the graduated Arch be- 


fore which it mov'd, to what Degree it return'd by its. Recoil, which 
was always the ſame when it ſtruck the other Ball full. Then having. 
cauſed a cylindrick Hole to be turn'd*out of this ſmalleft Ivory Ball a 


little beyond its Center, I ſtopp'd the Hole by ſerewing in another Piece 


Plate 1. 
Fig. 4. 


of Ivory which had Lead enough fix d at its lower End to make the 


Ball juſt as heavy as at firſt. Now: having ſuſpended the Ball as before, 


and repeating the Experiment, it did not recoil near to the ſame Height, 
tho it had the ſame Quantity of Matter as before, its pereutient Surface 


the ſame, and the Shell was half an Inch thick. Afterwards I made uſe 


of a Ball of twice the Weight of this hollow one which was ſolid, and 
having obſerwd what Degree it recoibd to, I ſhut up my hollow Ball 


with another Ivory Plug, which had ſo much more Lead at bottom 
as to make it twice as heavy as before; But upon Trial it did not tecoil 
ſo high as the ſolid Ball uſed laſt, tho' it weigh'd as much. 

IF there be an immoveable, but elaſtick Obſtacle, as OM BT, and 
a perfectly hard Ball, as M, (that is, ſuch an one as cannot be dented in} | 


ftrikes agaioſt it, the Obſtacle mult yield, and its Surface will change its 
; s 


Figure, 


— 


T & , Add 
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Figure, as for Example from O M B to OB; but by reſtoring it Lea, vi. 
felf, it will drive the Ball back again. But if the Obſtacle be perfectly 
hard, and only the Ball elaſtick, as in Fig. 5. then only the Ball will be P ": 
dented or flattened as at vn; but the Ball maſt recoil as before Then 1 
if both the Bodies be elaſtick, the Recoil of the Ball will be as before; 

for as the ſame Force is ſuppoſed to cauſe the bending in of the Sur- 

face in one or in both Bodies, there will (by the 3 Law of Nature) be 

exactly the ſame Force of Reſtitution. K 


11. Now becauſe the Change of Figure in Bodies of quick Elaſticity: 
is not viſible, fome People have imagined Balls of Ivory, Steel, Glaſs, or 
Amber, and Diamonds and other precious Stones, not to be elaſtick, con- 
fidering them only as hard Bodies ; whilft they have allowed long Plates 
of Steel, ſuch as the Blades of cutting Inſtruments, Muſical Strings, and 
long Pieces of Wood or Whale-Bone, Balls of Wool, Bladders or Foot- 
Balls filled with Air to be elaſtick, becauſe their Change of Figure is 
viſible : But the greateſt Degrees of Elaſticity do not conſiſt in the viſible 
yielding in and Refilition of the Parts, but in their perfect Reſtitution, 
however difficult it be to fee their Action. Yet it may be eaſily per- 
ceived that their Figure has been changed, by the following Experiments. 


EXPERIMENT 4. Plate 1. Fig, 6. v4 


TAkx two Ivory Balls, of equal or unequal Diameters, as M, m, ſuf- plate 1. 
pended by Strings of any length as MS, ms, one of which has part of Fig. 6. 
its Surface as n painted with ſome Colour freſh laid on. Having uſ- 
pended them both, bring the unpainted Ball as Mio the painted one, 
and it will receive from the other a little ſpot of Paint on its Surface, 
which will be irregular, becauſe the Hand can't hold M ſteadily againſt 
qm. But by letting M fall againſt m, the Spot upon M ought to be 
much leſs, if its Surface did not change its Figure, - becatiſe the Contact 
then would be leſs. Now, upon making the Experiment by a Blow, the 
Surface of each Ball is flattened at u, and each Ball has a circular Mark 
upon it as # at Fig 7. the one ſhewn by the Paint ſtruck off, and the-p,,@ 1. 
other by the Paint received. The fame will happen if you let the Ball Fig. 7. 
fall upon a Block or Lump of Ivory, Steel, or Glaſs as OB, whoſe up. Tate 1- 
per Surface is horizontal and ſmooth ; for after the Blow the Spot nn wl 
be very apparent, and the larger according as the Stroke has been greater. 


EXPERIMENT 5. Plate 1. Fig. 9. 
Ir the Block or the Ball be of Glaſs, the Inſide may be broken whilſt plate . 


the ſurface remgins entire 3. as will be ſeen when the Bodies have no Fig: 9, 
; 5 Paint. 


5 


Plate :. 
Fig. 1. 


Lect. VI, Paint upon them, the broken Places , u, u, appearing withiathe Bodies 
res like Half-Moons, whilſt drawing one's Finger- N ail over the Surface, no 
Crack or Unevenneſs is to be felt. The Glaſs indeed is beeome ſo much 


any other bard Body as.well as Glaſi. Why the Glaſs is ſooner broken 


* Ann, 2. 


ker, more of them being produced in the ſame time, as the ſhorteſt Pen- 
dulums move quickeſt, Gravity acting upon them as Elaſticity does upon 


proceeding from the Vibrations of ſhorter Parts of the Surface and ſhorr 


Plate 1. 
Fig. 10. 


a braſs Screw going thro' one of the Pillars, ſo that its End may be 


'& Cſs of PE) Philoſophy. 


weaker on the Surface over the Crack u, u, &c. that a Blow or two of 
the ſame Force, as firſt | made the Crack, will break out the Piece. 
N. B. Glaſs Bodies may receive the Crack by a Stroke of a Hammer on 


within than at the Surface ; and why that en Part becomes viſible . 
and « ſhining, we ſhall ſhew in the Notes.* 


| 1 2. The eee ab the Tring, A B. (Hg. 1.) communicate « a vi- 
brating Motion to the Air, and thereby. produce a Sound; this Sound be- 
ing the mote acute, or the Note the Higher, the ſhorter the String is (fop- 
poling an equal Degree of I enſion) becauſe the Vibrations will be quic- 


Strings. The Surfaces and Strata of Glaſs, Balls, and other ſuch elaſtick 
Bodies, do alſo. give a Sound by their vibrating Motion, and the more 
acute or tingling the Sound is, the more pelfect is the Elaſticity, as 


ter Strata. Glaſs has the moſt tingling Sound of any B. dy we know, 
and accordingly we find by ſeveral Expatica at it is the moſt 
elaſtick. 


The Vibrations of Glaſs may pet be mack more ſenſible by the fol- 
lowing Experiment. 


ExPERIMENT 6. PJ. rt. Fig 10. 


ABEC Dis a Glaſs Bell, or Air- Pump Receiver, fix'd with Cement 
by its apper End or Knob A, to the horizontal Board p þ, ſupported by 
the Pillars Pp, Pp, of the wooden Frame P.S 4 Ap P, in ſuch manner 
that the Bell touches the Wood on y at top, and that it may tremble freely 
when made to ſound by ſtiiking its lower Circle or Mouth B C. 8 is 


brought as near-as you pleaſe to the Bell before you ſtrike it. Then 
ſtriking the Bell with any thing to make it ſound any where between 
B and C, you may both ſee and hear the Lip or Brim of the Bell ſtrike 
ſeveral times againſt B the end of the Screw S B; and this Succeſſion of 
Strokes (ſtill weaker and weaker) will continue the longer, if you fol- 
low the Edge of the Bell with the end of the Screw B, by gently 
ſcrewing it forward as the vibrating of the Bell is ceaſing. This Motion 
of the lower Part of the Bell ſeems to be àa continual Change of the 

| circular 
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circular Mouth to an oval and back again, the Points B, C, and the Leck. VI. 
Points D, E, alternately approaching towards one another: And a Per! 


ſon of Credit told me, that he had ſeveral times ſtuck a ſtiff Wheat- 
ſtraws acroſs the bottom of a great Bell, of which the Clapper was 
taken out; which Straw, after a Stroke on the Bell, would drop out as 
the Figure of the Bell changed in ſounding.- a 151 
Ir a Finger be applied to the Outſide of. the Glaſs Bell, the Vibrath- 
ons and the Sound will quickly, | but gradually, be deſtroyed; and ſo 
much the ſooner, if you apply two or three Fingers, and almoſt in- 
ſtantly if you apply your whole Hand. The ſame will happen to a 
Bell of Metal: but it is obſervable here, that the Vibrations, where- 
by the Edge of the Bell ſtrikes the Screw, do not ceaſe ſo ſoon as the 
Sound; becauſe you may hear the Edge of the Bell rattle againſt the 
Screw, after the proper Sound of the Bell is heard no more. 


EXPERIMENT 5. 


Ir you pinch the Edge of the BelLwith your Finger and Thumb- 
Nail, and draw them away ſuddenly in the Direction A E, you will 
thereby excite the ſame Sound in the Pell, as when it was ſtruck at E, 
but there will be no ſenſible Alteration of the Figure of the Bell, or per- 
ceptible Advance to, or Removal from, the Screw, 8 B, no ſtroke being 
made againſt it. Hence it appears that there are two ſorts of Vibrations 


in elaſtick Bodies, one ſort extremely quick, which is moſt properly + Ann. 3. 


productive of Sounds, and is by ſome called a Tremor of the ſmall Parts; 
and another more ſlow, whereby elaſtick Bodies reſtore themſelves to 
their Figure and Poſition, and repel Bodies that have preſſed or ſtruck 
againſt them. Theſe generally act together, but not ſenſibly always; for 


a ſtretch'd String as A B (Fig. 1.) may reſtore itſelf, and repel the Ball Plate 1. 
that has driven it into the Poſition A B C, without producing any Sound; FS. 


and the ſame String may produce a Sound, without having its Vibra- 

tions large enough to be viſible. But this we may be aſſured of, that 

whatever Body we perceive to have Reſilition when ſtruck, may have 

its Elaſticity excited ſo as to produce Sound, and whatever Body gives 

7 Sound, is capable of repelling or being repelled by other Bodies that 
rike it. * a | 


13. Tu bending in of the Strata of elaſtick Bodies, would be a 
ſufficient Proof of a Vacuum, if there was no other. For without void 
Spaces within the Body for the Particles diſplaced by the Blow to retite 
to, and return from, there could. be no Elaſticity. This may be further 
illuſtrated by the following Experiment. 1 

+ EIFE- 
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+ © _ExPerIMent 8. Plate 1. Fig. 11. 


Tak two thin Pieces of Money (for Example two Sixpences) not 
bent and ſomething worn, as A, B; ſo that when they are thrown againſt 


the flat Board ABD, they will give a ſharp Sound, each of them as 
near as can be got of the ſame Note. Then rub one of them with 
Quickſilver, fo that it may viſibly imbibe it, and you will find when 
you ſtrike it againſt the Board, and compare it with the other Piece, 
that its Sound is grown dull, as if it was changed into a Piece of Lead. 
This ſeems to ariſe from filling ſome of the Pores into which the ela- 
ſtick Strata uſed to retire by the Blow, and hereby hindering their more 
perfect Vibrations. For if you hold the Piece of Money between the 
End of a red-hot pair of Tongs to cauſe the Mercury to evaporate, the 
Piece of Money will recover its tingling Sound, provided you ſtay till it 
is thoroughly cold, becauſe when hot it is not quite ſo ſonorous by rea- 
ſon of its Softneſs. 7 

Now if there were Bodies that had no Vacuities for the Particles of 
their Strata to be driven into, and the Coheſion of their Parts were fo 
ſtrong that a Blow could not ſeparate them, thoſe would be perfely 
hard Bodies. And in the Congreſs of ſuch Bodies, there being no Al- 
tetation made in their Surface, there could be no cauſe of their ſepara- 


ting again after the Blow; but they muſt either ſtand ſtill together, or 


go on towards that fide where the greateſt Quantity of Motion was di- 
reed. | | | | 


14. AGAIN, if we ſtill ſuppoſe Bodies without Vacuities, but their 
Parts to have ſo little Coheſion as eafily to flide from one another, and 
only to make them ſtay in their Places, when they have been puſhed 
over one another, thoſe Bodies would be perfectly ſoft. They might alſo be 
called perfefily ſoft, tho they were full of Pores, provided there was 
no Subſtance in thoſe Pores to repel the Particles again when driven into 
them, nor force in the Particles themſelves to repel each other. Theſe 
Bodies alſo in their Congreſs would not ſeparate again after the Blow; 
becauſe tho' they would be flatten'd or dented. in, they could not part 
again, there having been ſuppoſed in them no Force capable of throwing 
them back from each other. 


Bopixs therefore perfefly hard, and Bodies ferfełiiy ſoft, would, in 
their Congreſs, produce the ſame Effects; eſpecially with regard to their 
common Center of Gravity, which would be affected in the ſame manner 


2 b By 
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ja hard and in ſoft Bodies. And this would happen alſo if hard Bodies es Led. 
came againſt ſoft ones, and vice verſd. mend 


Now tho' there are no Bodies perfectly hard, finee even Diamonds, 
whoſe Parts cohere the ſtrongeſt of any thing we know, have ſo much 
Velocity as to be highly elaſtick ; and tho' the fofteſt Bodies that can 
hold together, as Balls of foft Clay, have Air in them enough to give 
them Elaſticity; yet, when we wou'd confirm by Experiments What 
would happen to Bodies without Elaſticity in their Congreſs, (whether 
hard ot ſoft ) we may make uſe of ſoft Clay Balls, i Allowance for 
the little Elaſticity they have left, or what they want of perfect 1 

So likewiſe in the Congreſs of elaſtick Bodies, tho we make Expe- 
riments with Balls of Steel, Marble, Ivory, Glaſs, &e. which are not 
perfectly elaſtick, we can eaſily come at true Conclulions, by making 
proper Allowance for the Defect of Elaſticity,” 


15. In order to give a deu and full Weed of all that" relates to 
the Congreſs of Bodies, we ſhall firſt give genetal Rules relating to all 
Bodies that meet, overtake or ſtrike one another in any Manner, whe- 
ther they have any Elaſticity or not: Then we ſhall coofider what muſt 
happen to Bodies which have no Elaſticity; as bard of ſoft Bodies: And | 
laſtly, we ſhall examine the Congreſs of elaſtick Bodies. 

Theſe Rules are ali Cirolleries of Sh ſage Newton's third Law of 
Motion. 


Rue 10 


16. The Quantity of Motion, which is eolleRed by ne the Sum of the , 
Metions directed towards the fame Parts, and the Difference of thoſe that 


are diretted towards contrary REG r no e dv the A on N 
Bodies among tbemſeluess. 


CokoLLARVY I. * 


From hence it follows, that if one Body ſtrikes againſt another, 
which is either at Reſt, or moves more ſlowly according to the ſame Di- 
rection, the Sum of the Motions in the two Bodies towards the fame 


Parts will be the {fame aſter the Stroke as before *. bf A Ann. 


CoroLLARY 2. 


IT alſo ſollows, that if two Bodies moving in contrary Directions 
meet one another full, the Sum of the Motions towards the ſame Parts 
(which is the Difference of the Motions towards contrary Parts) will 

Vox. Is |, | C — continue 


io 4 Courſe of Experimental Philoſophy." 
Led. VI. continue the ſame both before and after the Mecting of theſe Bodies. 
Aon: 3: — See theſe tuo Conſequences * explained and Hlufirated i in As Notes 35 


EEE Rorr 2. 


TINY, The common Center of Gr avity of freo or more Bader diedd not al- 
ter 11s State of Motion or Reſt by the Actions of the bodies among them- 
ſelves; and therefore the commen Center of Gravity of all Bodies acting 
upon each other, (excluding cutward Atiions and Impediments) ts either at 
Reſt, or moves uniformly in a right Line. 

For the better underſtanding of this, read what has been faid in thi 
ſecond Lecture and its Notes; and alſo four remarkable Caſes of this 
„Ann. 6 Truth demonſtrated in the Notes to this Lecture *. 


RuLE 3. 


18, The Metions of Bodies included in a a given 8 Space are the ſame 
among themſelves; whether tbut Space is at Reſt, or moves uniformly for» 
wards in a right Line, without any circular Motion. 

For the Differences of the Motions tending towards the contrary Parts, 
and the Sum. of thoſe that tend towards the ſame Parts, are at firſt (by 
or eee in both Caſes the ſame; and it is from thoſe Sums and 

crences that the Colliſions and-Lmpulfes do ariſe with which the Bo- 

dies mutually impinge upon one another, Wherefore (by the ſecond 

Law of Motion) the Effects of thoſe Colliſions will be equal in both 

Caſes ; and therefore the mutual Motions of the Bodies among them. 

ſelves in the one Caſe, will remain equal to the mutual Motions of the 

| Bodies among themſelves. in the other. A clear Proof of which we- 
have from the Experiment of a Ship; in which the Motions of all the 

Bodies that it contains happen after the ſame manner, whether the Ship i 75 

at reſt, or is carried uniformly forward in a right Line. 


DEFINITION. . 


i 19. One Body is ſaid to ſtrike, or impinge againſt another directly, 
Wit when the right. Line along which it moves, being drawn thro' the Center 
6 of Gravity of the impinging Body and the Point of Contact, is perpendi- 
oy cular to the Surface of the Body againſt which the. percuttent or imping- 

1 94 ing Body. ftriłes: or if they tot t flrike in a Point, but in a Line or a 
51 . rl? 3g flill the Stroke will be direct, if the Line or Direction of Mo- 


i tion above-mentioned be perpendicular to this laſt-mentioned Line, or Sur - 
. face of Contact. | 


"7 | RUuLE- 


TY * 
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8 Rule 4. | a 
20 ' tao Bodies, whetber equal or wnequal, are carried towards © 
the e Parts, with Velocities any bow equal or unequal, the Sum of" the 
Mol ie, of the tio Bodies is equal to the Motion that would ariſe by the 
Sum of the Motions of the two Bodies, if each of them was moved with 
the ſame Velocity as their common Center of Gravity moves with. 
See this particularly demonſtrated in the Notes *. e Ann. 5. 


RLE g. 


21. If two Bodies are carried towards contrary Parts, the Difference 
: of the Motions towards contrary Parts, or (what is the ſame) the Sum of 
the Motions towards the fame Parts, will be equal the Motion, (that 
rs, to the Sum of the Motions) that would be produced if both Bodies mou- 1 
ing the ſame way, or towards the ſame Parts, each of them was carried © 
with the ſame Velocity as the common Center of Gravity. 
See this further explained and demonſtrated in the Notes &. 9 


ConCERNING the Concress of Bodies that have no 
ELASTieiry. | 3 hy 


RuLE. 6. 


22. If a Body without Elaflicity comes diretly againſt another Body, 
which is alſo void of Elaſlicity ; whether this laſt Body be at reſt, or awhe- 
ther it be moving more ſlowly the ſame way; or laſtly, if it be moving in a 
contrary Direction, and the Motions are unequal, the tuo Bodies will go 
together after the Stroke along with the,common Center of Gr. vity. Plate 1. 
Fig. 12. wed 59 ut | | 
4 and B are the two Bodies. Let A ſtrike the Body B directly, which Plate r. 
Body B we will ſuppoſe at reſt, or moving the ſame way as A, but ſlow-Fig. 1# 
er, or towards contrary Parts, with leſs Motion; I ſay, that after the 
Stroke both Bodies will move together with the ſame Velocity along with 
the common Center of Gravity. For ſince (by the ſecond Law) the 
Body B is not hindered by other circumambient Bodies, it will be moved 
by the Force which the Body A impreſſes on it towards thoſe Parts which 
the Forces are directed to, and it will alſo move jointly with the Body A; 
For firſt, it cannot move ſlower, by reaſon of the following Body A; 
then it cannot move faſter, becauſe (by the Suppofition) there is no 
other Cauſe of ſuch a Motion beſides the impellent Body A; ſince all 
other Things, as an elaſtick Force, and an ambient Fluid are ſuppoſed to 


do nothing: Therefore after the Stroke both Bodies will be joined, and 
2 | move 
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Lect. VI. move along with their common Center of Gravity. Wbich was to be 
x demonſirated. 5 


0 | - COROLLARY. | 


223. Ix the Bodies are ſuppoſed to come together a | D OR Vale. 
ties of the Things whoſe Motions we conſiderate the Spaces defcribed in 


the ſame Time, the Velocities of the Body A, of the Body B, and of 
the Center of Gravity C, are before the Stroke as the right Lines AD, 


Bb, CD, reſpectively ; for thoſe are the Lengths which are run thro' 


Plate 1. 


Fig. 13. 


in the ſame Time. E 
PROBLEM I. e 55 
How 10 determine what the Motion of Bodies that have no Elaflicity will 
be after their ftriffing one another -dire&ty. > Plate 1. Fig. 4. 


In order to ſolve all the Caſes of this Problem, which we ſhall do by 
fix Figures, we ſhall uſe the ſame Conſtruction; that is, we ſhall make 


the ſame Letters ſignify the ſame thing in each Figure. Let there be 


two Bodies A and B, whoſe Center of Gravity is C, and let us ſuppoſe 
the Bodies to concur in D; the Velocities of the Body A, of the Body 
B, and of the common Center of of Gravity C, will (by the foregoing 
Corollary) be as the right Lines AD, BD, and CD reſpectively : Now 
let DE be equal to DC, and it will repreſent the Velocity of the Bo- 
dies after the Stroke: that is, the Velocity of the Body A before the 
Stroke will be to its Velocity after the Stroke, as AD to DE; and 
the Velocity of the Body B before the Stroke will be to its Velocity 
after the Stroke, as B D to DE; for (by Rule 6) the Bodies A and B, 
after the Stroke, will g9 on together along with the common Center of 


Gravity : But (by the ſecond Rule) the Velocity of the common Center 


of Gravity will remain the ſame both before and after the Stroke, and 
go on the ſame way; therefore if C D repreſents its Velocity before 
the Stroke, DE equal to CD will repreſent its Velocity after the 
Stroke; and therefore DE will alſo expreſs the Velocity of the Bodies 
A and B, which go along with the Center C after the Stroke. bi 


vas to be /hewn, 


CoROLLARY I. 
2 5. If the Body B be at reſt, the Point B will coincide with the Point 


* L. 2. N*D, as in the 13th Figure: and becauſeBistoAasA CtoBCor D E *, by 


39- 


Compoſition A+B : (that is the Sum of the Bodies A and B) will be 
to the Body A:; as A B or A D: to D E. That is, the Velocity of the Body. 
9 0 ap wy | 


5 


Sw” 
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A before the. Stroke, it ſo ts 4 n yy as rde my of oe Left VE 
Bodies to the impingent Body A. — 


rab fa Fig. Py 


Is A be equal to B, and Bis at reſt, ATB: will be to A-as'2 to . 
therefore the Velocity of the impinging Body will, before the a Fig 13. 
be the e What it will be after wards. | 


' ExaMpLE 2. Fig. 14. 

Ir Ai is to B as 1 to 9, then will AB: be to A as 10 tor; — r. 
the Velocity after the Stroke will. only be the-1oth Part of what? it was Fig. 14 
before * Stroke. 


EXAMPLE 3. Fig. 15. 


Ir the Body B be infinitely greater than A, the Velocity of A after plate 1. 
the Stroke will be infinitely ſwall; that is, will be noneat.all; for in that Fig. 15. 
Caſe A vaniſhes in reſpect of AFB, and therefore the Velocity of the 
Body A after the Stroke will alſo vaniſh; that is, if a Body ſtrikes againſt 
an immoveable Obſtacle, after the Stroke it will be at reſt. 


EXAMPLE 4. Fig. 1 5. 


Ir the Bodies A and B are equal, and B moves in the ſame Directi- 
on, but ſlower, DE or CD will be equal to half A B added to B D, or 
half the Sum of AB, and twice B D, or half the Sum of A D and 
BD ; that is, the Velocity after the Stroke will be half the Sum of the 


former Velocities. Or to give a View of it-in the nn Expreſ- 


ſion, DE TBD. — 4 


EXAMPLE 85 Fig. I 


Is the Bodies move towards contrary Parts with equal Degrees ofÞtat 1. 

Motion, the. Point D will coincide with C, (as a Conſequence of the Fig. 16. 

ſecond Rule) and C D and D E will be equal to nothing; that is, both 

Bodies will be at reſt after the Stroke; as alſo their Center of Gravity 

is before the Stroke whilſt thy are moving towards one © another „„ 
COROLLARY 2. 18 

Tris ſhews that Law of Motion of Deſcartes to be falſe, whereby 


he aſſerts, that the ſame Quantity of Motion is always preſerved in the 
Warld ; becauſe here we find, that Bodies which have no Elafticity 
| - movin g 


Lect. VI. moving contrarywiſe, by turning againſt each other with equal Quan- E 


Fig. 17. Motion, their Velocity after the Stroke will behalf the Difference of their 


) 27. Wur kx percutient Bodies loſe equal Mementa, the Magnitudes 


TS ̃— - 
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£ 
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—— titties of Motion, deſtroy each other's Motion. 5 
| N05 ExAmPLE 165 Fig. 17. 
. Ir equal Bodies go towards contrary Parts with unequal Quantities of 


former Velocities or it may, with regard to the Figure, be expreſſed 

Algebraically thus, DE or CB will be equal to CB—B D=— 
e SE Tum nods 0.013 2 5 a 

N. B. 4 general Solrtion of "this Problem is given by a Calculation in 

the Notes. * | 4 ö goo 

* "COROLLARY 3. | 

» Ann. 9. Sic the Velocity of the Body A before the Impulſe was A D, and 

| after the Impulſe its Velocity was as CD, the Velocity loſt will be AC, 

and therefore the Motion loſt by the Stroke A AC. os 


Rox 7. | 


26. If a Body in motion frites directiy againſt another, whether that 
ol ier be in motion or at reſt; the Magnitude of the Bl,w is proportional 
to the Momentum which is bft at the Stroke in the flrongeſft Body, if one 
be flronger (that is, has more Motion) than the other. | 

For if you ſuppoſe the ſtrongeſt Body (if there be one) or either of 
them, if their Momenta are equal, to be the percutient Body, and the 
other the Bady ſtruck; the Magnitude of the Blow will be equal to the 
Force which the percutient Body impreſſes on the Body ſtruck : but that 
Force which is impreſſed on this laſt by the Percutient, is loſt (by the 
third Law of Motion ;) therefore the Motion loſt in the percutient Body 
will be proportional to the Force impreſſed on the Body ſtruck, and 
conſequently to the Magnitude of the Blow. Mbicb was to be proved, 


CoROLLARY. 


of the Strokes will be equal, 
Rol E 8. Plate 1. Fig. 18. 


28. If a given Body ſtrikes directiy againſt another given Body, the 
Magnitude of the Blow will always be proportionable to the Velocity of the + 


wt 


\ 


Percutient. 
| LET 


A. 


A Caurſe of Experimental Philoſophy. 
Lr the given Body A, with a Velocity 
another given Body B, which is at reſt ; then again let the ſame Body A 


* Plate 1. 


15 


expreſſed by A Be, ſtrike Lect. VI. 


J 
with another Degree of Velocity as D E ftrike the other Body B till pig. 18. 


ſuppoſed at reſt; that is, let AB: be to DE; as the former Velocity: 
to the laſt, and let the Diſtance of the Bodies be as A B, DE; (for hat- 
evet Diſtance there is between them, in the Beginning of the Motion, 
it will de the ſame thing as to the greatneſs of the Blow ;) and let the 


common Center of Gravity be at C in the firſt Situation, and at G in 


the ſecond. When the Body A is moved with the Velocity AB, CB 


will be its Velocity after the Stroke; and ſince before the Stroke the 
Motion was A& A B (that is, A multiplied into AB), the Motion after 


the Stroke will be Ax CB; and the Motion loſt will be A&R AC. In 


the ſame manner, if this percutient Body be moved with the Velocity 
DE, the Motion loſt wilt be A xD G, and therefore the Magnitude of 
the Blow with the Velocity A B will be to the Magnitude of the Blow 
with the Velocity D E, as A x AC to A, or as AC: to DG. Now 
becauſe AC: is to B C:: as B; to A, therefore will AC: be to 
A CB C (that is AB) :: as B: to AB; and like wife will B: be 
to A+B:t as DG: te DE; and therefore will AC: be to AB:: 
as DG: is to DE; when (by Permutation of Proportion) AC: will be 
to DG:: as AB: to DE; that is, the Magnitude of the Blow with 
the Velocity A B: will be to the Magnitude of the Blow with the Ve- 
locity DE: : as the Velocity A B: tothe Velocity DE. Which was to 
le proued. | AK | * 


CoROLLARY. Plate 1. Fig. 19. 


IF the Body A runs againſt the Body B+, the Motion loſt is + Plate 1. 
Ax AC; but if the Body B runs againſt A with the ſame Velocity, Fis 19. 


then the Motion loſt is BBC; but becauſe then BC muſt be to AC 
as A to B, then will Ax AC be equal to BB C, and conſequently 
the ſame Quantity of Motion will be loſt by the Blow, whether B im- 
pinges on A with a given Velocity, or A impinges on B with the ſame 


Velocity; and therefore in both Caſes the Magnitude of the Blow will 
be the ſame. ' | | 


RuLr 9. Plate 1. Fig. 20. 


29. 1f one Body direfly ftrikes-another which is moving flower along 
the ſame right Line; the Magnitude of the Blau will be the ſame, as if 
the antecedent Body ſhould be at reſt, and the following Body ſhould be car- 
reed againſt it with the Difference of their Velecities. 


LET. 


| . Vi, 


Plate 1, 
Fig. 20. 


4 Goirſ 4 FOES P biloſophy. 


Ler A and B- be two Bodies going the ſame way, whoſe common 
Center o tavity is C and let the Bodies be ſuppoſed to come toges 
ther in D: it is plain from what has been ſaid before, that the Veloci- 


ties of the Bodies before the Impulſe are as the right Lines AD, BD, 
and therefore the Difference of thoſe Velocities will be as A B; but as 
the Velocities of both Bodies after the Stroke will be expreſſed by CD, 


therefore the Motion loſt in the Body A; will be Ax AC. Now if 
the Body A ſhould ſtrike againſt the Body B at Reſt with the Velocity 


AB, its Velocity after the Stroke would only be equal to'C B, and the 
Motion loſt would be A x AB. Therefore ſince the Percutient in each 


Caſe loſes the ſame ee of ame way pry on the ue 52 
always be the ſame. ol Unit 


Rott 10. Plate 1. Fes 21. 


30. If to Bodies meet one another with 9 Meations, the ag: 
nitude of the, Blow will be the ſume as if une f them was at . de 
the-other came upon it with the dum of their Velecities. 


Lr the two Bodies A and B be carried towards contrary P Parts, re 


common Center of Gravity being at C, and D be the Point in which 
they meet: it is plain that the Velocities of the Bodies A and B are as 
the right Lines AD, BD, and therefore let the Sum of their Veloci- 
ties be expteſſed by A B: CD will expreſs their Velocities after the 
Stroke, and therefore the Motion loft in the Body A will be Ax AC. 
But if A ſhould with the Velocity AB ſtrike B at reſt, the Velocity af- 
ter the Stroke would be as CB, and the Motion loſt Ax AC. There- 
fore as there is the fame Quantity of Motion loſt in both Caſes, ſo like- 
wiſe the Magnitude of the Blow will be the lame. Which uas to be 


proved, | 
CoRoLLARY gs 
Ir thatafove a remains the ſame Sum of dlogitien, cher is, the 
reſpective Velocity of the Bodies A and B, whereby they come towards 
one another, whatever be their Difference of Velocity, or however that 


Velocity be divided between the concurrent Bodies, the Magnitude of 
the Blow will always be the ſame. | | 


CoROLLARY 2. 


THEREFORE the Magnitude of the Blow in given Bodies is always 


propertional to their A IN reſpect:vely. 
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Henct alſo may be deduced what we have ſaid in our third Rule, 
and its Exphcation, vig. That the Motions of Bodies included in any 
Space, whether that Space be at reſt, or be moved uniformly in a di- 
rect Line, are always the ſame; for the Differences of Velocities where- 
by Bodies tend the ſame way, and the Sums of the Velocities whereby 
they tend towards contrary Parts, are the ſame, whether the Space 
- \n which the Bodies are contain'd be at reſt, or whether it be moved 
_ vdiformly in right Lines; therefore the Magnitudes of the Blows being 
always proportionable to them, muſt be the ſame in both Caſes. Hence, 
as we (aid: before, all the Motions in a Ship are in the ſame Condition. 
whether the Ship be at reſt, or moving forwards uniformly. Thus alſo 
all the Phænomena of Projectiles and Percuſſiong happen with us upon 
the Earth, whether we are carried along with the Earth by the common 
Motion, or whether the Earth ſtand ſtill, as ſome imagine. Therefore 
the Objections brought againſt, the Motion of the Earth, from what the 
Objectors ſuppoſed muſt happen to Projectiles, by reaſon of its Motion; 
were, from what we have ſald here, of no force, as proving nothing 
one Way or another. > | 
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31. EXPERIMENTS made with ſoft Clay Balls, for further illuftra: © 
ting what has been ſaid before, concerning the Congreſs of Bodies which L 
bade no Elaſticity. 1 | 
NB. The Machine to be uſed for the Congreſs of Bodies (whether e- 
laſtick er not elaſlick) 1s the ſame that is deſcribed in_the firſt Vo- 
lume Page 371: Lecture 5. NY GO. for making Experiments en 
pendulous Bodies ; only with this Improvement, viz. that the Angle 
DEC muſt be large enough for the ſimilar Arcs at bottom gradu- 
_ ated en ether Side to contain a ſufficient Number of Degrees; the 
Machine muſt aifo be made of two triangular Pieces, which jcin in 
a perpendicular Plane cr Section between the Lines a A and b B, 
that they may be drawn a little way from ach other, when one or 
beth the Balls are large, for the Center of the Ball to be always a- 
gainſt the Beginning of the Diviſion a, from which we reckon ; 
and the Pins a and b muſt be long encugb {or the biggeſt Balls to 
hang ſo forward, as not to touch the Board in tbeir Metion. There 
muſt be alſa a Contrivance of an horizontal Piece to fix on at E ba, 
to carry more Pins than tuo, when ue bave a greater Number 
of Balls to hang on. 
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. TAkx a couple of Cylinders of Lead, each two Inches in Diameter, 
and about an Inch and an Half high, and let a hemiſpherical Cavity be 
turn'd in each of them, ſo that when they are laid upon one another, 
they may contain an hollow Sphere of an Inch and an half Diameter. 
Let two places of the Edge of this Cupof about a quarter of a Circle each, 
Flate 2. he ſlanted off, as ata, 6. A in the firſt Figure Plate 2, repreſents the 
hemiſpherical Cavity ſeen horizontally, Bone of the Cylinders ſet up- 
right, and CD the two Cylinders ſet upon one another. This Machine 
ſerves to make Clay Balls which weigh two Ounces Averdupords, the Ca- 
vity being firſt well oiled that the Balls may come out eafily. A little 
Stick of about half an Inch long and + of an Inch Diameter, muſt have 
a String of about fix Inches, with a Loop at one end, tied to it in the 
middle; and this Stick being put within the Ball, one end of the String 
muſt go out of the Cylinder at the thin Notch a as n, and the other end 
with the Loop muſt go out at right Angles to the former at a, whilſt the 
Cylinders are preſs'd hard together, and form the Clay Balls ſmooth by 
means of the Pins and Holes as c, d, e, in the Edges which receive one 
another. A Clay Ball thus made, may be ſuſpended at a long String 
to make a Pendulum of for Congreſs, whilſt the little String m coming 
out at its fide, ſerves to hold it by before we let it go, without alter- 
ing its Shape; for if we make the Balls of very ſoft Clay, they will have 
ſo little Elaſticity, that it may be.cafily allowed for. See a Clay Ball 
_"finiſh'd at E. Another Pair of Leaden Cylinders whoſe Cavity is of three 
Inches Diameter, will ferve to make Balls whoſe Weight is 8 Ounces 
each: As for a Ball of 18 Ounces which we uſe, it may be made ex- 
 aQcly enough with the Hand, firſt weighing the Clay. 
Tus Figures that repreſent the Experiments, by the ſhaded Balls, 
ſhew the ſtate they are in before the Congreſs, the pointed Circles ſhew - 
where the Stroke is made; and the Circles made with Lines a little 
longer than Points, ſhew where the Bodies are after the Stroke: and 
the Darts drawn in the Balls, ſhew which way they move. This way of 
drawing the Figures T have taken from Mr. Profeſſor s' Graveſande, wv 
iat always very curious in his Figures: And indeed in tte C ngreſs of” 
Bodies be has taken ſo much Pains in endeavouring to reconcile Phenomena. 
. with the new Opinion concerning the Force of Bodies, that it is pity that be 
did not ſucceed. For however it may be agreeable to Forces where Time is 
net conſider d, penduluus Bodies (while-they keep the ſame length) have all 
their Vibrations iſochronal, in which caſe their ſhock will tardly agree 
with the Maſs multiplied into the Square of the Velccity, and the known - 
Laws of Congreſs explain'd by Sir. Iſaac Newton, as I.ſball bew in the, 
Ann 10. Notes *, | = 
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EXPERIMENT 1. Plate 2. Fig. 2. 
32. Tur Clay Ball A, weighing two Ounces, with the Velocity 16, 
romes upon B of two Ounces alſo which is at reſt, and after the Stroke 
they both go on together, with half the Velocity of A. See Example 


the fir/t. 


ExPERIMENT 2. PI. 2. Fig. z. 


Tur ſame Body A with the ſame Velocity overtakes B, which, moves 
the ſame way only with eight degrees of Velocity. They ſtrike at the 
loweſt Place, and after the Stroke they both go on together with half 
the Sum of the Velocities which they had before the Stroke. Ste 
Example fourth. | 


ExPERIMENT 3. Plate 2. Fig. 4. 


A and ; till equal meet in contrary Directions, each with the ſame 
Velocity of 14, and after the Stroke they deſtroy each other's Motions 
and ſtick together. See Example the fifth. 


EXPERIMENT 4. Plate 2. Fig. 5. 


Lex. VI. 
— — 


A and B (till of two Ounces each) ſet out from contrary parts to- | 


wards one another, A with 18 Degrees of Velocity, and B with 8: af- 
ter the Stroke they both go together that way to which the greater 
Quantity of Motion tends, with half the Difference of the Velocity be⸗ 
fore the Stroke. See Example the Sixth. 


EXPERIMENT ;. Plate 2. Fig. 6. 


LET a Clay Ball 3 Inches Diameter weighing 8 Ounces (here mark'd 
B) with a Velocity of 5 Degrees, come with a contrary Motion againſt 
A, which meets it with 20 Degrees of Velocity, and the two Bodies 
will ſtand till after the Stroke. This is another Inſtance of the fifth 
Example. | Y 

ExPERIMENT 6. Plate 2. Fig. 7. 


Now A of two Ounces with 20 Degrees of Velocity comes upon B 
which is at reſt, and now weighs 18 Ounces. After the Stroke they 
will both go on with the Velocity Two; which Velocity in unequal Bo- 
dies (one of which is at reſt) will always be found by dividing the Mo- 
mentum of the percutient Body before the Stroke, by the Maſs of the 
two Bodies after the Stroke. See Example the, ſecond. 


D 2 Exy#« 
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— \ EXPERIMENT y. Plate 2. Fig. 8. 


THz Ball A of 2 Ounces with the Velocity 10, comes ben the Ball 
B 8, which is at reſt: after the Stroke, both go on together with the 
Velocity of Two, found by dividing the Momentum by. the Bodies as. 
before, according to the ſaid ſecond Example. 


mY 


Fug. 
EXPERIMENT 8. Plate 2. Fig. 9. T — 
| Tur Ball A of 2 Ounces with 12 Degrees of Velocity i is met by B: 
J of 8 Ounces and 8 Degrees of Velocity, and after the Stroke both Bo- 
dies go together towards A with the Velocity 4. To find this Velocity. 
| in unequal Bodies when they come againſt each other in contrary Direc- 
| tions, we muſt ſubtract the leaſt Motion from the greateſt before the 
Stroke, and divide the Remainder by the Sum of the Bodies, for the 
Velocity after the Stroke. But if the Bodies go the ſame way, you 
muſt add the Motions of the Bodies before the Stroke, and divide that 
| Sum by the Maſs of the Bodies: becauſe (by Rule the firſt) the Sum of 
the Motions which Bodies have towards the ſame Parts, or the Diffe- 
rence which they have towards contrary Parts, is not altered by the 


| © eng the Stroke! but is the ſame both before and after the Stroke . 4 


[ 


| 33 0 the Concress of elaſtick Bodies ; for which a. 
: proper Allowance may. always be made as if their Elaſticity were per- 
fect, as will be ſhewn before we quit this I 


RULE II. 


34. ff fo Bodies perfeetly elaſtick firike againſt each other, their 
relative Velocity will remain the ſame before and after the Stroke : that- 
is, Bodies perfectly elaſtick will recede from one another after the Stroke 
with the ſame Velocity that they came together. 

For, (by the Coroll. of Rule 8.) the compreſſive Force, or the Mag- 
nitude of the Stroke in given Bodies, ariſes from the relative Velocity, 
and is proportionable to it; and, as we have already ſhewn, Bodies per- 
fectly elaſtick do reſtore themſelves to their former Figure, with the 
8 ſame Force that they were compreſs d; that is, the reſtitutive is equal to 

the compreſſive Force, and therefore aQts juſt as ſtrongly as the Force by- 
which the Bodies came together before the Stroke: but by that reſti- 
* tutive Force the Bodies are made to rebound from one another; whence. 
this Force aCting upon the ſame Bodies, will produce a relative Velocity 
equal to that which they had before; that is, will make the Bodies 


recede 


| 
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recede from one another with the ſame Velocity that they acceded be- Lect. VI. 
fore. Which was to be ane — 


CoROLLARY. © 0 


THEREFORE, taking equal times before and after the Stroke, the 
Diſtances of the Bodies from one another will be equal, and therefore 
at the ſame Times the Dlſtances of the Bodies from the common Cen- 
ter of Gravity will all be equal. 

Hence may be determined th. Rules of the Cog . perfectly elaſtick. 
Bodies, in the following Manner. 


PROBLEM 2. 


5. How to determine the Rules of Congreſs of perſectiy elaſtick Bo- 
dies firiking one another directly. 

ALL the Caſes of this Problem- may be conſtructed in the ſame Plate 3: 
manner; as may be ſeen in the firſt eleven Figures of Plate the third. S 6. 3 1 
LET A and B be two Bodies perfectly daſlick, whoſe common Cen- 9, 10, 11. 
ter of Gravity is C, and let us ſuppoſe that the Bodies come together 

at C, and let CE be equal to CD. I ſay, that after the Stroke, the 
right Line EA will expreſs the Velocity of the Body A from E to- 
wards A, and the right Line EB the Velocity of the Body B from E. 
towards B. 


DEMONSTRATION; 


SINCE (by Rule 2.) the common Center of Gravity of Bodies (both: 
before and after the Stroke) does always go forward uniformly with the. 
fame Velocity; in a Time equal to that in which the Body A runs the 
length AD, or the Center of Gravity runs the length CD, the ſaid 
Center of Gravity C will after the Stroke run the length DK equal to- 
D: Let Ka be made equal to CA. Now fince (by the laſt Corolla- 
ry) taking the Times equal before and after the Stroke, the Diſtances 
of the Bodies from the common Center of Gravity, will always be 
equal; at the ſame Point of Time that the common Center of Gravity 
is at K, the Body A will be at a; therefore after the Stroke its Motion: 
from D towards a, and its Velocity will be as the right Line Da, which. 
it runs thro in that Time; but by reaſon that CE is equal to the right 
Line CD or KD, and CA equal to K a, the Difference of theright Lines 
CE, CA, will be equal to the Difference of the right Lines KD, Ka, 
that! is, EA will be equal to Da; but the right Line Da denotes the 
Velocity of the Body A after the Stroke, therefore its Velocity will alſo 
be expreſs d by the right Line EA: Eeſides, ſince the enn 2 

5 | * 
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Lect. VI. of Bodies remains the ſame after the Stroke as before, and the right 
Line EA expreſſes the Velocity of the Body A, the Velocity of the Bo- 


dy B after the Stroke muſt needs be expreſs d by the right Line EB; 
that is, from E towards B. Which was to be demonſtrated. 


"2 


| | COROLLARY 1. | 
Ir the Body B is at reſt, the Point D will coincide with the Point 
B, as in the three firſt Figures: and becauſe B: is to A:: as AC: to 
CB; therefore by compounding of -Proportion B and A taken together 
will be to A:: as B: to CB; whence doubling the Conſequents B and 
A taken together: will be to 2 A:: as AB: to 2 CB, or EB; that is, 
as the Aggregate of the Bodies: to double the impingent Body : : ſo is 


the Velocity of the impingent Body: to the Velocity of the Body that 
was at reſt before the Stroke. 1 


"COROLLARY 2. | 

"THEREFORE if A and B are equal, A and B taken together will be 
equal to 2 A, whence EB the Velocity of the Body B after the Stroke, 
will be equal to the Velocity of A before the Stroke, and conſequently 
the Point E co-inciding with the Point A, AE the Velocity of Aafter the 
Stroke will be equal to nothing; which may alſo be cafily ſhewn thus 
Since the Bodies A and B are equal, theſe Quantities will be equal, 
AC=CB=CD=CE; therefore the Point E will coincide with the 
Point A, and conſequently the Body A will be at reſt after the Stroke, 
and the Body B will after the Stroke move with the Velocity EB, or 
AB. If therefore an elaſtick Body comes upon another equal to it 
which is at reſt, the percutient Body will be at reſt after the Stroke, and 


the Body that was at reſt will go on with all the Velocity of the Per- 
cutient. 


— 


\ 
COROLLARY 3. 


Pla'e 3. Ir the Bodies A and B, ſtill ſuppos d equal, move the ſame way 
(Fig. 4.) after the Stroke, they will ſtill go on the ſame way, inter- 
changing their Velocities. For fince CE is equal to CD, and AC 
to CB, CE—AC (that is EA) will be equal to CD—CB or BD; and 
therefore the Velocity of the Eody A after the Stroke will be equal 
to the Velocity of the Body B before the Stroke : Beſides, becauſe EA 
is equal to BD, EB will be equal to AD, and therefore the Velocity of 
the Body B after the Stroke will be equal to the Velocity that the 
„ Other Body A had before the Stroke. 


CoRo0OoL 
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CoROLLARY'4. 


in contrary Directions, (as in Fig. 8.) they will after the Stroke, recede 
towards contrary: Parts, changing their Velocities. For ſince A C is equal 
to CB, and CE to CD, AC—CE (that is AE) will be equal to 
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Lect. VI. 


Ir the Bodies A and B (ſtill ſuppos'd equal) move towards each other Plate 3. 


Fig. 8. 


CB—CD, or B D;; therefore the Velocity of the Body A, after the 


Stroke, will be equal to the Velocity of the Body B before the Stroke: 
Beſides, becauſe E A is equal to BD, A D will alſo be equal to ED; 


but A D was the Velocity of the Body A before the Stroke, and E B is 


the Velocity of the Body B after the Stroke, which proves the Corollary. 


36. FRo a Conſideration of the foregoing Coroltaries, it is eaſy to 


reduce the Matter to Practice; and ſhewing the manner of finding. 


what the Velocities of elaſtick Bodies will be after their Congreſs, to 
reduce all the particula? Caſes to Numbers. But we will ſhew the 
Thing naw by a few Experiments, referring the curious Reader to the 
Notes for:a general Calculation expreſs'd algebraically *. 
; 
EXPERIMENT 1. Plate 3. Fig. 12: 


0A. 18x. 


Tun Ivory Ball A, weighing two Ounces, with the Velocity 16, 
comes upon the Ivory Ball B, which, after the Stroke, goes forward to 


b, with the Velocity 16, the percutient. Body. A remaining at reſt in 
the Place of B after the Stroke. 


Tuis Phznomenon may be very eaſily explain'd, by conſidering the 
firſt Experiment of the Congreſs of ſoft Clay Balls ſhewn in the ſecond 


Figure of Plate 2. For if the Body A made uſe of here had no Elafticity, 


it would (by ſtriking its equal B) loſe half its Velocity at the Contact; 
but the Magnitude of the Stroke being equal to what A loſes, B being 


claſtick muſt, be bent in with the Force that A loſes ; and as Reaction is 


equal to Action, B will reſtore itſelf to its Figure with all the Force of the 


Stroke that bent it in, and therefore give the percutient Body eight De- 
grees of Velocity in the Direction BA, which being equal, and con- 


trary to what A had left in the Direction Bb, deſtroys the Motion of 
A, and brings it to-reſt; Now as A is-elaſtick, in the Stroke it is bent 


equally with, and as well as, B; and by reſtoring. itſelf to its former 
Figure, gives B eight Degrees of Velocity beſides the eight. which it 


had given it by the Stroke : ſo that B by that means has 16 Degrees: 


cf Velocity; that ie, the ſame Velocity as the percutient A. 


CO R0OI- 


F 


— * 
pw 


4 Gourſe of Experimental Philoſophy. 


4 CoROLLARY. 


37. Hence follows, that whatever Velocity a Body without Elaſti- 
city would gain or loſe (that i is, would acquire either forward or back 
ward) in its Congreſs with another Body without Elaſticity ; the Body 
will acquire double that Velocity, if the Bodies are elaſtick: and there- 


fore it is eaſy from the Congreſs of Bodies with6ut Elaſticity to know 


what will happen in the Congreſs of elaſtick Bodies. - 


EXPERIMENT 2. Plate 3. Fig. 13. 


Lx r the ſame Bodies A and B go the ſame Way, A with 16 Degrees 
of Velocity, and Bwith 8: after the Stroke, A will have 8, and B 16; 
that is, the Bodies will interchange their Velocities. 


Hap A not been elaſtick, after the Stroke it would have gone along ; 


with B to 12, loſing four Degrees of Velocity; but as it is elaſtick, it 
mult loſe eight, and there it goes but to eight at a. For the ſame Reaſon 
had B not been elaſlick, it muſt have gone to 12, gaining four Degrees 
of Velocity; but as it is claſtick, it mult gain four more, and conſe- 


quently go to 16 at 6. 


EXPERIMENT 3. Plate 3. Fig. 14. 


The ſame Bodies A and B coming from different Parts meet one 
another full, A with 16, and B with 8 Degrees of Velocity : A returns 
to 8 at a, and B to 16 at 6, here alfo interchanging their Velocities. 

Hap the Bodies been void of Elaſticity, both wou'd have gone to- 
wards B after the Stroke with the common Velocity 4 ; that i 1s, A wou d 
have loſt 12 Degrees of Velocity, towards B; but as it is elaſt'ck it 
muſt loſe 24, or in receiving 12 more in the Direction BA, it loſes its 
four Degrees towards B, and goes back eight more towards A. Like- 
wiſe B, which, if it had not been elaſtick, would have gone back after 
the Stroke in the Direction A 5 four Degrees towards 6, (loſing 12 De- 
grees of its Velocity) will goto þ with 16 Degrees of Velocity, loſing 12 
more Degrees of Velocity in the Direction BA, which is the lame 
thing, acquiring 12 more in the Direction A 6. 


ExPERIMENT 4. Plate 3. Fig. 15. 


LASTLY, let the two Bodies A: and B meet one another, each with 
16 Degrees of Velocity, and after the Stroke they will fly back from 
one another with the very fame Velocity. 

Hap they not been elaſtick, they would both have ſteod ſtill at 93 
but each of them having loſt 16 Degrees of Velocity by the Stroke at y- 

mu 
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muſt loſe 16 more by the unbending of the Surface of the other Body ; 
but theſe Bodies, -which had 16 Degrees of Velocity each, cannot loſe. 
32 Degrees, but by receiving 16 Dog the contrary way, and going 
| back again; 

Now ſore People, who have not read with ſufficient Attention what 
has been ſaid before, may imagine that the Rule does not hold true; vis. 
that in the ditect Stroke of all Bagies, (elaſtick or not elaſtick) there is 
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as much Motion before as after the Stroke; becauſe in this Caſe tlie 


Bodies, if not elaſtick, would have been at reſt after the Stroke, and 
now as they are elaſtick, A has 16 Degrees of Velocity, and B alſo 16. 
But it is to be obſerv'd, that we ſaid, -tbere will be after the Stroke the 
Same Quantity of Motion towards the ſame Parts, as befere the Stroke. 
And this is evident here. For as in Bodies not elaſtick, the Stroke bring 
the Bodies to reſt ; here in the elaſtick Bodies, the Motions given to 
them after the Stroke are equal and contrary z that is, poſitive and ne- 

ative, which being added, deſtroy one ancthee ; for whether we con- 

der the Motion as direQed from A to 6, or from b to A, we ſhall al- 
weaye find + 10 — 16, or—16 +16 equalt to egy | 


38. If a little elaſtick Body comes upon a greater claſtick Body that 
is at reſt, the little Body will be reflected. This will alſo happen if the 
great Body meets the little one: or, going the ſame way with leſs Velo. 


city, is overtaken by it; becauſe (by Rules 9, and 10) the Caſe will be 


the ſame as if the great Body was at reſt, and the little one came upon 
it with the relative Velocity of the Bodies. 


EXPERIMENT 5. Plate 3. Fig. 16. 


Tus elaſtick Body A, weighing two Ounces, comes upon the — 
ſtick Body B, which is at reſt, and weighs four Ounces. B 
in the Direction of A wich the Velocity 8, and A comes back'in a 1 
trary Direction with the Velocity 4. 

Wirnour Elaſticity B would have gone forward but four Degrees, 
gaining only that Velocity; and A would have gone along with it loſing 
eight Degrees of Velocity. But adding the Force ariſing from the 


Elaſticity, and B gains four Degrees more to come to b, whilſt A — 
eight of Velocity more to bring it back to 2. 


EXPERIMENT 6. Plate 3. Fig. 16. 


Tux elaſtick Body A, weighing two Ounces, with the Velocity 15, 
comes upon the elaſtick Body C at reſt, whoſe Weight is eight Ounces, 
which for the ſame reaſon will go forward to 6, whilſt A returns to . 


rr E | Expr- 


| Led. VI. 
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n Exerandxrs, Pla g. Fg. is.. 
5. Tur elaſtick Body A, weighing two Ounces, with the Velocity 18. 

comes upon the elaſtick Body D, which is at reſt. and whoſe Weight 
is 16 Ounces. B goes on forward with four Degrees of Velocity, arid 
A returns back with 4 N. B. We Velocities'of the Bodies after the 
Stroke in theſe three laſt Experiments, 1f they had not been elaſftick, are al- 
ways found by the Rule given in the Account of Experiment 6, and Expe- 


riment 7, of Plate 2. | 
8 - ScHOLIUM. 5 
39. Hee it is obſervable, that if you add the Momentum, or Quan- 
tity of Motion of the little Body A before the Stroke, to the Momentum 
which it receives in being driven back by the Stroke (without any re- 
gard to, or comparing the Directions of thoſe Motions) the Sum of theſe 
Momenta will be equal to the Momentum with which the great Body 
goes forward, In the Experiment of Fig. 16. Azz x 12+ 4 (= 
2 x 4) gives 32, equal to 4x 8, the Momentum of B. In Fig. 17. 
2X15-+ 2 x9 gives 48, equal to.6 x 8, the Momentum of C: and in 
Fig. 18. 2x 18 +2 x 14, gives 64 equal to 16x 4, the Momentum 
of D:- 27 | | 
| COROLLARY, ind, 1 9 
40. HENCE in the Congreſs of two elaſtick Bodies, of which only 
the Weight of one is known, we may find the Weight of the other, by 
obſerving the Velocity of the Bodies before and after the Stroke. For 
example, if the Weight of the little Body be unknown, divide the Mo- 
mentum of the great Body by the Sum of the Velocities of the little 
Body before and after the Stroke: as here in Experiment 5. Fig. 16. 
32 ble . . nr 22 
r 2, the Weight of * ban — = Experiment 6. Ex. sf 
Suppoſe the Weight of C was unknown, divide the Sum of the Mo- 
menta of A before and after the Stroke, by the Velocity of Cafter the 
Stroke, That is, 15x2+9x2 = 48, divided by 6, the Velocity of 
C, gives 8 for its Weight, Se. ; | 


41. Now fince from 24, the Momentum given to A in the fifth 
Experiment (Fig 16.) you have a Momentum of 32 produc'd in B: 
and from 30, the Momentum of A in the ſixth Experiment, (Fig. 17.) 
you have a Momentum of 48 produc'd in C; and from 36, the Mo- 
mentum of A in the ſeventh Experiment, (Fig. 18.) you have a Mo- 

: mentum 


* 


mentum of 64 produc d in D; one would imagine that Motion may be Le. VI. 
increas d by the Congreſs of Bodies, from a ſmall Momentum to a much 


greater, ſo as to apply it to Uſe in Mechanicks. This made a very 
learned and ingenious Gentleman imagine, that upon this Principle the 
2erpetual Motion was not impoſſible; eſpecially when he conſider d, that 
if a Seties of elaſtick Bodies bigger than each other ina Geometrical Pro- 
greſſion, are ſuſpended from the ſame Height, ſo as to have their Centers 
in the ſame Line, by letting the ſmalleſt Body ſtrike the reſt with any 
Momentum, the Motion will be propagated thro" the whole Series of 
Bodies, ſo as to make the laſt (which is the biggeſt) go forward from 
the reſt with more Momentum than the firſt came on, in any Propor- 
tion. This will be made plainer by the three following Experiments, 


ExPERIMENT 8. Plate 3. Fig. 19. 


LeT the elaſtick Body A, of two Ounces, come with nine Degrees 
of Velocity upon the elaſtick Body B, of four Ounces, and B will go | 


to 6 with fix Degrees of Velocity; ſo that the Momentum 18 in A has 


produc d the Momentum 24 in B. 
1 


gp 
 . DAEXPERIMENT 9. Plate 3. Fig. 20. bel 

Lr the elaſtick Body B, of four Ounces, be at reſt, as alſo the ela · 
ſtick Body C, of eight Qunces, with their Centers in the ſame horizon» 
tal Line. No let the elaſtick Body A, of two Ounces, come full upon 
them with the Velocity 9, and C will fly off to c with the Velocity 
43 ſo. that, the Momentum 18 in A has produc'd the Momentum 32 
in C. a | 81 | 

| EXPERIMENT 10. Plate 3. Fig. 21. 

Lr the elaſtick Bodies B, C, and D, whoſe" Weights are 4, 8, and 
16 Ounces : that is, whoſe Weights are in a Geometrical Progreſſion, 
be ſuſpended with their Centers in the ſame horizontal Line touching 
one another. Then let the elaſtick Body A, of two Ounces, come upon 
B, and D will fly off to 4 with the Velocity 2 ; ſo that the Momen® 
tum 18 in A has produc'd 42 and 3 in D. en * I 


Bor here lies the Fallacy &. We think we have gain'd ſo much Mo- * Plate 1. 
tion towards E, as the Exceſsof the Momentumof B, C, or D, above that is: 19, 20, 


of A. Not conſidering that the Effect we have produc'd is caus d by a 
Syſtem of Bodies, viz. of two Bodies, Fig. 19. of three Bodies, Fig. 
20. and of four Bodies, Fig. 21. in which Caſes we muſt only reckon 
the Motion produc'd towards E, which cannot be done but by ſubſtract- 
ing the Motion towards contrary Parts that is, ſubſtractin g the Motion 

| G ? 25 l ee, 


\ \ * 


ST 


1 n * 1 . 8 * 18 n | 7 *. 8 
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Le&. VI. in the Direction EA. In Experiment 8. Fig. 19. A returns from B to 
—— 72 with the Velocity 3, its Momentum being 6. Now as that is a 
negative Motion in reſpect of that of the Body B towards E, it muſt be 
ſubſtrated from 24, the Momentum of B; then we ſhall have only 12 
left for the Momentum of B towards E after the Stroke, the very ſame 
as the Momentum of A before the Stroke. Likewiſe in Experiment 9. 
Fig. 20. which is a Syſtem of three Bodies, if we only reckon'd the Mo- 
mentum of C going to c in the Direction C E, with four Degrees of Ve- 
locity, we ſhould gain the Momentum 20, over and above 8 that was 
given at firſt by A. But we muſt now not only ſubſtract 6, the Mo- 
mentum of A going back from B to a, but alſo the Momentum of B 
going back to þinthe Direction EA, with two Degrees of Velocity, that 
is 8, from 32 the Momentum of C after the Stroke: and then we ſhall 
have only 18 Degrees of Motion left towards E, the ſame that A had 
that way before the Stroke. For 32 —'6 + 8-= 18. | 
In the fame manner, in Experiment 10. Fig. 21. where the Mo- 
mentum of D after the Stroke is 42 J, inſtead of gaining 245, the Ex- 
ceſs of that Momentum above 18 the Momentum of A, we gain juſt no- 
thing. For as the Bodies A, B, and C, are all reflected towards A, we 
muſt ſubſtract all their Momenta (which now are negative Quantities, 
as their Directions are in the Line E A) from 42 2, the Momentum of 
D, and then we ſhall have juſt as much Momentum left in D, as the 
Momentum of A before the Stroke. The negative Momentum of A 
after the Stroke, which carries it back from B to à is 6 ; the negative 
Momentum of B reflected from C to & is 8 ; and the negative Momen- 
tum of C reflected from D toc is 10 3. Now the Sum of all theſe (6 + 
8 + 105) 245 ſubſtracted from 4.2 2, the Momentum of D towards E, 
leaves juſt 18, the Momentum of A towards E before the Stroke. 


42. As we have not yet mention'd any Experiment of the percutient 
Body, or the Ball A (Plate 2d and zd) being greater than B, we will 
here make one Experiment of that ſort, which may be applied to all 


* 


Caſes of that kind. 


ExFERIũENT II. Plate 4 Fig. 1. 


Now let the elaſtick Body A weigh four Ounces, and come with 12 
Degrees of Velocity upon another elaſtick Body B, which is at reſt, and 
weighs but two Ounces; after the Stroke the Body A will goto 4, andB 
to 16, towards E. Had the Bodies been: without Elaſticity, they would 
have gone together to 8, A loſing four Degrees of its Velocity, and B 
gaining eight. But as they are both elaſtick, A muſt loſe eight Degrees, 


and 


* * 


& * 
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and B muſt gain 16, which agrees with the Experiment, fer the Rea- Led. VI. 
ſons given before. OO RNs e CAL - ROTOR, |: 
THERE is a pretty odd Phænomenon depending upbn Elaſticity, 
which therefore I thought proper to take notice of here ; which is, that 
if a Row of Shovel-Board Pieces (that is, metalline Cylinders of about 
half an Inch in Height, and two Inches Diameter) be laid upon a ſmooth 
Table, and you take a fingle Piece, and drive it againft the Row, by its. 
Stroke upon the firſt Piece the laſt Piece will fly off; as for Example, 
let the Row of Pieces be B, C, D, E, F, G, H. I, Plate 4. Fig. 2. if Plate 4. 
A, a Piece of the ſame Kind, be puſh'd in the Direction A a againſt the Fig. 2 
Row of Pieces, ſo as to ſtrike the firſt of them, the laſt Piece I will fly 
off to i, with the ſame Velocity that A came againſt B: and whether A 
comes oh with a greater or a leſs Velocity, no other Piece but the laſt 
Piece I will fly off, and that exactly with the ſame Velocity that A 
ſtruck at the other End. But if you take two Pieces, as A and B, Plate Plate 4. 
4. Fig. 3. and puſh them together in a Line againſt the Row C, D, E, Fig. 3. 
E, F, G, H, I, the two Pieces H, I, will fly off from the other End of 
the Row with the very ſame Velocity that A and B made their Stroke, 
be the Stroke ſtronger or weaker, going to b, 7. If three or more Pieces 
are made uſe of to make the Stroke, then will fly off at the End the 
very ſame Number that made the Stroke, Sc. N B. The fame will 
happen with equal elaſtick Balls ſuſpended in'a Row by Strings of the 
ſame Length. gh 4 eee, 
Now, if we confider this well, it will only appear to be a Caſe If 


Experiment 1, Plate 3. Fig. 12. NY 36. as will be more eaſilq c- 
cciv'd by making the Kg 


* 


EXPERIMENT 12. Plate 4. Fig. 4. | 

LeT A be one of the fore-mention'd Pieces, at the Diſtance of about Plate 4. 
ten Inches from B, and C be placed in the fame Line at about four *'s: 4. 
Inches from B: then if A be puſh'd againſt B with any Degree of Velo- 
city, it will ſtand ſtill after the Stroke, and B will go on with all the 
Velocity that A had; but then B ſoon coming againſt C, Will ſtand ſtill 
alſo after the Stroke, whilſt C goes on with all the Velocity it receiv'd 
from B, that is, all the Velocity that A had atfirft. Now to apply this 
to the laſt Experiment (Fig. 2.) it is plain that A having been the per- 
cutient elaſtick Body, B. C, D, E, F, G, H, do ſucceſſively become 
percutient Bodies, and ſucceſſively ſtand ſtill after their Strokes; whilſt 

I, which has no other Body before it to ſtrike, goes on with all the 
Velocity of the firſt percutient A, | r N rr . 
h 12: REEFS 7 
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Led. VI. Ix the Stroke be made with two or more Pieces (Fig. 3.) it will ad- 
mi ot we ſame Solution ; only that here the Body B will have the 
"Fiz. fame Effect hy its Stroke on the Row before it, and ſtrike off the laſt 
| Body I; but at the inſtant of the Stroke as it is dented in, and its Cir- 
cumference towards Ca little flatted, it quits the Body A for a Moment 

then immediately the Body gives its Stroke, and ſtrikes, off the Body H, 

which is now the laſt. In like manner if there had been three Pieces, 
there would have been three ſucceſſive Strokes on the Row, Sc. This 

is made ſtill plainer if you join the two or three Pieces (that you make 

your Stroke with) with Solder or even Glew, ſo that they may not pact 

from each other in the Stfoke,; for then no ſuch Effect will happen 

as that the ſame Number of Pieces (hall fly off at the End of the Ray 
as gave the Blow at the Beginning of it. | 2 | 
Id making all the above- mentioned Experiments withelaſtick Bodies, 

it will be found that after the Stroke ſomething will be wanting of the 
Velocities mentioned; which is on Account of the Elaſticity not being 
perfect in the Bodies which we make uſe. of: But yet all the Conclu- 
ſions will be certain, if we allaw for the Imperfection of the Elaſtici- 
ty; becauſe when we know how much the Bodies want. of perfect 
Elaſticity, we may find exactly what will be the Effect of their Con- 
Ann. 11. greſs, as is, ſnewn in the with Annotation to this Lecture. 
Io know exactly how much a Body wants of perfect Elaſticity, that 

is, how much the reſtitutive Force falls ſhort of the comprefſiye, we 

weed only repeat the Experiment of Plate 3. Fig. 12. and obſerve. how 

much the Body ſtruck wants of the Velocity of the Percutient. But 

Plate . this will appear plainer in Plate 4. Fig. 5. where A and B repreſent two 
* equal elaſtick Bodies, of which A is the Percutient, and B is at reſt till 
the Stroke. Here we may obſerve, that B does not go quite to 6 after 

the Stroke, that is, has not the full. Velocity of A (as we have all along 

ſuppoſed, when we conſidered the Bodies as perfectly elaſtick, but goes 

only to 15, if the Bodies are Glaſs, to 14 if the Bodies are of hard Steel, 

and to about 14. and a half when they are of Ivory, So that the Ela- 

ſticity of Glaſs is to perfect Elaſticky, as 15 to 16; that of Steel as 14 

to 16; and that of Ivory as 14.4 to 16, Thus may be found the Ela- 

ſlicity of any. Subſtance, by making Balls of it to ftriłe againſt each cther. 


To conclude this Lecture, we will in a few Words diſpatch all that 
relates to oblique Percuſſion. 

Tnar the Obliquity of a Stroke diminiſhes. its Force, is evident to 

t led. z. Senſe; and how much it diminiſhes. has been ſhewn both in the fir ſt 

; 47. Volume , and in the Beginning of this Lecture; we ſhall therefore 


here 
6 


I 


here ee, what we are e ae, eee, concerning Lett. VI: 

oblique Strokes, W A rin a particular Demonſtration. Let AB, — 

(in the ſecond Figure of che firſt Plate of this Volume) repreſent an pig. 2 

Obſtacle agaiuſt which à Body runs obliquely in the Line Ge: the 

Magnitude of thè Blow is as much leſs in tho oblique Stroke, than it. 

would have been if the Eine G c in which the Body moves, had been 

perpendicular, as the right Sine G E of che Angle Re is leſs than the 

Radius 2 and if hoth the Obſtacle and the percutient Body be ela- 

ſtick, the Body will be reflected in ſuch manner, that the Angle of 

Reflection will be equal to the PIER Incidenoe ; that is, Gold will 

be equal to He. Cl: d. tg de 

The oblique Congreſs. of Bellic that * no Ellicity wil 7 — 7 ene Plate 4. 

plain d in:the: follow:ng manner, (Plate 4, Fig. 6) c | 111 Fig. 6 

Tur Bodies Aland B, ſuppoſed equal, are to 3 — 

one another in the Directions AC and BC. Drawethe Lines AC and: 

BC, and divide into two equal Parts the Angle AcB, which they 

make by the Line LC produced on towards J. Perpendicular to LC 

at L draw AB. . the Parallelogtams LD and LG, by drawing 

thro' C, DG parallel to AB and AD and BG parallel to LC. Pro- 

duce AD to E and BG to F, and draw EF thro 1, parallel to DG, 

which will compleat the two other Parallelograms Di, CB. Let AC, 

the Motion of the Body A, be reſolved into two Forces, one acting 

along KD, and the other along AL. It is plain that the Force AD 

does nothing to wart ls driving the Body towards B, or: towards the Line 

Ly the Force AL only being employ'd to. bring the / Body to the Line 

L; for the ſame Reaſon, of the two Forces BL and BG, which act 

upon the Body B, only the Force BL brings the Body B towards A: 

but as the Forces AD,and BG earry the Bodies towaffs /, or toward 

the Line EF, they will meet one another obliquely/at O, the Megni- 

tude of the Stroke being equal to AL, or BL, which is the Sine of the 

Angle of the Obliquity, inſtead of AC or BOC the Radius. This will 

be ſuſt as if the Bodies had come from D and G, and had met at C; 

which if they had done with equal Velocities, - they would have ſtood 

ſtill, thoſe equal Velocities deſtroying each other. But now ſince the 

Forces AD and BG were not deſtroy d, we muſt transfer them to C/, 

equal to AD and to BG; there is then Force left to carry A towards 

, with the Velocity CI, and -B-alſo towards / with the Velocity C /, 

But equal Bodies that have no Elaſticity and go the ſame way, will go 

on after the Stroke with half the Sum of their Velocities“; and tHere- * Rule 6. 

= our two Bodies will go M 10 / becauſe Ci is equal & to rhe Pag. 11. 
2 Ci. N 
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In 3 manner may N ee the Bodies, if 


and their: Velocities-or Forces had been unequal. : Suppoſe A being placed 


+» 


+ ;Rule 6. 
Pag. 11. 


at H had come to C with the Velocity HC, whilſt B came to C with 


the greater Velocity B C. Having as before reſolved the Motion of each 
Body into two Forces, I (ſuppoſed to ſet out from H) would with the 
Force H K (or its equal IC) meet Bat C coming againſt it with the 
Force BL (or its Sibel GC.) Now this being the ſame as if they came 
againſt each other ftom Iand G, with the Velocities I C and GC; aſtet 
the Stroke they will go on together with half the Difference of the Ve- 
locities; ſo that their common Velocity will be CN, which has been 
taken equal to DO, the half of DI, the Difference of CD and CI, re- 
ſpectively equal to BL and HK their Velocities. 

How to find out the true Motion of the Bodies going together after 
the Stroke, let us conſider how the Forces HI and BG do no act up- 
on them. We muſt transfer H I, the Force acting on A (or H) to 
CM, and the Force BG acting on B to C: CI CM therefore 
will be the Sum of the Velocity of the Bodies, and Cm (taking Im, 
m M, and NC all equal) will be half that Sum, the Velocities that the 
Bodies would, according to the Rule * given, have after the Stroke. 
But ſince by the former Action of the Forces HK and BL, the Velo- 
city CN was left to the Bodies moving together; we may now look 
upon the j2in'd Bodies as acted upon by two Forces, as CN and Cm; 
to which Lines drawing mA and Na parallel, you will have CA for 


the Diagonal of the Parallelogram Naw," in which gong the Bodies 
going together, will move. 


Remembring what has been ſaid in this Lefture, it wil al be eaſy 
to ſhew the Effet of the Congreſs of elaſtict Bodies. Fi ; 

 ABba is a Parallelogram in which are drawn the Diagonal Ab and 
Ba; and the Angles which the Diagonals make, are divided into 
two equal Parts by the Lines LI and DE; fo that the Lines AB, BE, 
and C/ are equal, as alſo the Lines AL, BL, DC, EC. Now let 
A and B be two equal elaſtick Bodies meeting at C in the Directions, 
and with the Velocities AC, BC. 1 ſay, that after the Stroke they 
will go to a and 6 reſpectively the Angles of Incidence ACD, and 
BCE, being equal to the Angles of Reflection D Ca, E Cb, each to 
each. Since the Forces AC and BC, muſt be reſolved each into the 
two AD, AL, and BE, BL; firſt, the ſame Thing will happen as if 
oy Bodies had met at C, with the equal and contrary Forces DC and 
from whence (by the Rules of the Congreſs of elaſtick Bodies) 

a Ti have return'd with its own Velocity to D, and the Body B toE: 
Then taking the Bodies fingly, we ſhall find that beſides the _ 

7 wh:c 
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which the Body A has to bring it back to D by the Reſtitution of B, Lea. VI. 
it has alſo the whole Force A D, which is not deſtroy d, but transferred 7 
to Cl its equal and Parallel; whence the ſaid Body A acted upon by Fig. 7. 
the two Forces CD and CL muſt move in Ca, the Diagonal of the Pa- 
rallelogram D. After the fame manner the unimploy d Force of B 
(viz. BE) being transferred to Ci, B will move in Cô the Diagonal . 
of the Parallelogram El, by the Action of the joint Forces CE, 

Cl. 

Bur if the equal elaſtick Bodies come together obliquely with diffe- * Hate 4. 

rent Forces, for Example, A* has the Velocity AC, and B the Velocity Fig. 8. 
BC, the Angles of Incidence and Reflection in each Body will not be 
the ſame before and after the Stroke; for the Body which has moſt 
Motion before the Stroke, will have its Angle of Reflection greater, and 
its Momentum leſs than before the Stroke; and that which had leaſt 
Motion before the Stroke, will have its Angle of Reflection leſs than 
that of Incidence, but its Momentum greater than before the Stroke. 
ACD is the Angle of Incidence of A before the Stroke, and the greater, 
Angle DCa its Angle of Reflection, and Ca leſs than AC its Momen- 
tum; whilſt BCE (SACD) is the Angle of Reflection of B before the 
Stroke, and the leſs Angle E Ch is the Angle of Reflection of B after 
the Stroke, and C6 greater than B C its Momentum. 


DEMONSTRATION. 


Tux Body A conſider'd as afted upon by the two Forces AD and 
AL ſtrikes B at C only by the Force AL equal to DC, as if it came 
in the Direction and with the Velocity DC. The Body B conſidered 
as ated upon by the two Forces BH and BF, ſtrikes A at C only by 
the Force BH equal to FC, as if it came in the Direction and with the 
Velocity FC. Now by the Reſtitution of the Bodies (according to the 
Rules and Experiments already explain'd) they muſt interchange Velo- 
cities with each other in contrary Directions, ſo that A will go back to 
I with.the Velocity CI equal to CF, and B will go back to E with 
the Velocity CE equal to CD. Now let us take in the two Forces 
unimploy'd before the Stroke, vig. AD and BF. We will firſt conſi- 
der them in the Body A, transferring AD to Cl. Complete the Paral- 
lelogram I! by drawing Ja and la. Now A is acted upon by the two 

Forces CI and C, therefore it will go in the Diagonal Ca of the Pa- 
rallelogram II, where the Angle of Reflection DP Ca is bigger than the 
Angle DCG, and conſequently than its equal ACD the Angle of In- 


cidence: And the Diagonal C expteſſing the Momentum of A after 7 
Vol. II. 9 the 
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Left. VI. the Stroke, is ſhorter than CG (becauſe of Cl leſs than ug rea 
w—— CA expreſſing the Momentum of A before the Stroke: ke 61a 
„ dern may be ſhewn that B after the Stroke will be reflected in the 
Line C6, ſo as to make the Angle of Reflection EC leſs than the 
Angle of Incidence BCF; and to have its Momentum Co aſter the 


Stroke urge than wy Momentum WS which it had before the 
Stroke. 


The End of the S1xTy Lecture. 
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ANNOTATIONS upon the Sixth Lecture. 
i. Cr. The Dottrine of the Cangreſs of Badies, &c. is ſo extenſive, &. 


LL forts of Machines which are mov'd by Wiad or Water, are Annotat. 
govern'd by Rules deduc'd from the Congreſs of Bodies, elaſtick Lect. VI. 
or not elaſtick, afting upon one another directly or obliquely, wit 
conſpiring, or* contrary Motions. Thoſe who underſtand me- 
chanical Principles, and the Theory of Engines, will eaſily find how to apply 
the Principles to all Shipping, from a Man of War to a ſmall Boat; to Wind, 
Mills, whatever kind of Work they are to perform, as alſo to Water Mills, 
whether over-ſhot or under-ſhot ; to all Works where Percuſſion is uſed, 
forging and battering by Engines, and to driving, of Piles into the Earth, 
whether under Water or above; and many more Machines which do not 
occur to me at preſent : Nay, there may be many new Machines invented 
depending on the Laws of the Congreſs of Bodies, But as it may be expected 
that I ſhould be more particular, I will here ſhew how the Water acts upon 
the under-ſhot Wheel of a Water-Mill by the Rules of the Congreſs of Bodies, 
LzT us ſuppoſe WA the Height of the Water in an under-ihot Mill Dam, Plate 4: 
the Penſtock being open'd at A, fo as to have an Aperture of a ſquare. Foot, Fig. 9- 
whoſe Center is 13 Foot below the Surface: the Force of the Water comi 
out at the ſaid Opening EF (whoſe Center is A) to ſtrike the Ladle Boa 
B of the K * 2 Wheel VD BC, is to be conſider'd as the Weight of a 
Pillar, or Body of Water, whoſe Baſe is a ſquare Foot, and Height 13 Foot, 
which will be equal to about 806 Pounds Averdupoids, ſtriking againſt the 
Ladle-Board B with the Velocity with which the Water iſſues out at A. Now 
let us ſuppoſe the Work to be dene by the Wheel, the Friction of the Whole 
Machine, and the Reſiſtance of the Air, to be equal to the 3 * o, equal 
to 806 Ib hanging at the Circumference of the Wheel: What elle will be the 
Operation of the Water upon the Wheel, but the Congreſs of two Bodies 
without Elaſticity, as mention'd in the Congreſs of the Balls A and B, in 
Ne (32) of this Lecture, Plate 2. Fig. 6. for here the Wheel is as a Body 
ef 806 ſh, ſuſpended at B, and the Water is as a Body of the ſame Weight 
moving from A to B with a certain Degree of Velocity. After the Shock, 
both will go on with half the Velocity of the Percutient. Had the Reſiſtance 
of the Wheel, on account of the Geer in the Mill, and Work to be done, been 
greater, then the common Velocity of the Water and the Wheel after the 
Percuſſion had been leſs. Now, tho' there be by the Stroke of the Water a 
new Percuſſion every Inſtant, the Compariſon ſtill holds good; becauſe, as 
the Work of the Mill is doing, there 3 allo anew Reliſtance every PI. 
| 2 a 
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Had the Wheel not been loaded at all, the Water would have been ſome- 


LeR. VI. little time in putting the Parts of the Wheel in motion ; but when once it 
L—— had teceiv'd its Motion, it would have kept it, and gone very near as faſt as 


* L. 1. 


© L. 1. 


the Water flying round before it, being check'd only by the Reſiſtance of the 
Air, and a little Friction of, the Gudgeons. In this way the Phænomenon 
would have been as when a percutient Body ſtrikes, and carries with-it an- 
other much leſs than itſelf. I ſhall in my Hydroſtaticks conſider this Subject 
fully, and ſhew wherein conliſts.the Perfection of an under - ſhot Mill. What 
I have ſaid here is ſufficient to ſhew the Trutli of what Thave laid down, el: 
pecially when we conſider that the Wind, or Air, is a Fluid like Water a&- 
ing upon its Solids by its Matter and its Velocity. : 0 
[s. Mentien them in the Notes; not as true, but probable Caſes] The 
mutual Attraction of ſmall Particles of Matter, and mutual Repulſion of others, 
have been already ſhewu “. Attraction and Repulſion ſeem to be ſettled by 
the great Creator as firſt Principles in Nature; that is, as the firſt of ſecond 
Cauſes; fo that we are not ſolicitous about their Cauſes, and think it enough 
to deduce other things from them. If Elaſticity was admitted as a fl Cauſe, 


(as it is by ſome) it is thought we ſhould admit of too many principal Cauſes 


in Nature, which is contrary to the Rules of good Philoſophy “. Philoſo- 
phers therefore have endeavour'd to deduce Elaſticity from Attraction, or 
rom Repulſion, or from both. It is obſerv'd, that the ſame Particles that 
repel each other ſtrongly, will attract other Particles very ſtrongly; as ap- 
pears by many Chymical Piſſolutions, eſpecially by the alternate Diſſolution 
and Precipitation of Metals in acid Menſtruums. The reverend and learned. 
Dr. Hales has prov'd this many Ways, in his Vegetabl' Staticks and Hæma- 
ſticks. The Elaſticity of Air feems to conſiſt wholly in the repulſive Power of 
its Particles, which do not touch one another while the Air is in its elaſtick 
State; and if thoſe Particles be brought nearer and nearer together, the Effect 
of their repulſive Force will increaſe, the Air's Elaſticity being always pro- 
portionable to its Penſity by Compreſſion, which Property will be preſerv'd, 
tho' compreſs'd Air be kept a Year or two; notwithſtanding Mr. Hauksbee, in 
his Phyſice- mechanical Experiments, ſays, that Air will loſe Part of its Sprin 
by being very much compreſs'd. But the Air with which he try'd it muſt 
have been fill'd with moiſt Vapours, and it is well known that the Steam of. 
Liquors will loſe its Elaſticity, eſpecially where its Heat decays. I have kept 
ſeveral Wind Guns ſtrongly charg'd for half a. Fear together, in which the 
Air had loft none of its Elaſticity : others have found the Air as ſtrong after 
a Year; and I have been told by a Perſon of Credit, that a Wind-Gun hav- 
ing been laid by and forgotten 857 ſeven Years,. when it was found, diſcharg'd 
its Air as many Times and with as much Force as it uſed to do; nay, and 1 
have read that a Wind-Gun has remain'd fully charg'd 16 Years. Now, tho” 
Air compreſs'd by any external Force does always increaſe in Elaſticity, as it 
diminiſhes in Bulk; yet it may by Fermentation diminiſh its Bulk very much, 
without gaining any more Elaſticity : For if another Fluid, whole Parts repel 
one another, but attract the Parts of Air, be mix'd with Air, the Repulſion 
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of any two Particles of Air will be diminiſh'd,' in proportion as a Particle of Annotat. 
the other Fluid inſinuating itſelf between them, attracts them towards itſelf on Lect. VI. 
either ſide, The fame thing will happen to the other Fluid in reſpect of the wn 
Particles of Air, which, mixing with its Particles; do in the ſame manner de- 
ſtroy their Repulſion. Thus, if we allow an Attraction ſtrong enough be- 
tween the Parts of two elaſtick Fluids, it is poſſible, that by Fermentation a 
Solid may be made out of two elaſtick Fluids, which would have ſtill conti- 
nued fluid without ſuch a Mixture. We are tavght by Chemiſtry to mix 
Fluids together, which immediately coaleſce into a Solid. When Brimſtone 
Matches are burning, the Effluvia of the Sulphur repel each other to great 
Diſtances, as may be known by the ſulphureous Smell upon ſuch an Occaſion: 

Now tho” thele Particles repel each other, they attract the Air very ſtrongly, 

as appears by the following Experiment. (on 

Tak E a tall Glafs Receiver, clos'd at top with a Cock, holding about | 

four Quarts of Air, and having put its open End over a Bundle of Brimſtone . 

Matches on fire, ſtanding up in the middle of a large Diſh with Water in it, 

(to keep the Air from coming in at the bottom of the ſaid Receiver) you wilt 

obſerve, that not only as ſoon as the Matches are burnt out, but a good while 

before, the Air, inſtead of being expanded by the Flame of the Brimſtone, 

will retire into leſs Compaſs, the Water beginning to riſe from the Diſh up 

into the Receiver, and continuing ſo to do till ſome time after the Matches 

are burnt out; fo that there will be in the Receiver only three Quarts of Air, 0 

inſtead of four, (more or leſs, in proportion to the Quantity of Brimſtone 

burnt :) And this plainly happens by ſome of the EMuvia, or little Parts of 

the Sulphur attracting ſome of the Particles of the Air, ſo as to make an un- 

elaſtick Compound that precipitates into the Water. If the Elaſticity of the 

Air is quite loſt when the Repulfion of its Particles is taken off, or ſufficiently 

counter. acted, it muſt follow, that its Elaſticity depends upon Repulſion; And 

that this is often the Caſe, appears by a great number of Dr. Hales's Experiments, 

of which I'll mention but a few. The Doctor took half a Cubic Inch of Deer's 

Horn, and having put it into his Gun-Barrel Retort, he diſtill'd out of it 117 

Cubic Inches of Air into a large Glaſs Bottle, the Weight of which Air, to- 

gether with the Aſhes of the Hora left, weigh'd as much as the whole Quan- 

tity of the Horn did at firſt. Now the Air had been confin'd in that Horn, to- 

gether with many ſalphureous Particles, in ſuch manner, that the mutual At- 

traction of therSulphur and the Air had alternately deſtroy'd each other's re- 

pulſive Force, and brought thoſe Subſtances into a little Compaſs ; but the 

Fire in the Diſtillation ſeparated them from each other, ſo as to reſtore them in 

a great meaſure to their uſual Elaſticity. This appear'd by bringing a Candle 

near the Mouth of the Bottle that held. this reviv'd Air; for every Time the 

Candle was brought near, the Air took fire, and flaſh'd out of the Bottle with. 

a ſulphureous Smell. The Air may be conſolidated in many hard Bodes, ſo 

as to be there quite void of Elaſticity, and there do the Office of a Cement, till 

by the Action of Fire, or ſome particular Fermentations, it is again reſtor'd to 

its perfectly elaſtick State. This is the Meaning of the Doctor's Words, when 

he ſays, that ſome Bodies abſorb, and others generate Air; and the ſame * 
ies 
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Angetat. dies do ſometimes abſorb, and at other times generate Air. He found more 
Le&, VI. or leſs Airvin almoſt every ſolid Subſtance that he try'd : but what was moſt 
S2 refniurkablt; he found that the Calcalns bumuanus (or Stone taken out of a Man's 
| - Bladder) was made up of about two: third Parts of Air. 6 
- Some have endeavour'd to folve Elaſticity by Attraction only; as ſor ex- 
Plate 4. ample, if the String AB (Plate 4. Fig. 10.) be conſider'd as made up of 
Fig. 10, Particles lying over one another in the manner repreſented at ADB it is 
plain that if the Point D be forcibly brought to c, the Parts will be pull'd 
from each other, and when the Force that ſtretch'd the String ceaſes to act, 
the Attraction of Coheſion (which was hinder'd befo:e) will take place, and 
bring back the String to its former Length and Situation, aſter ſeveral Vibra- 
tions. Now, tho' this ſeems to agree pretty well with the Phenomena of a 
String in Motion, it will by no means ſolve the Elaſticity of a Spring faſten'd 
at one End, and beat either way at the other, like a Knife or Sword-Blade, 
+ Plate 4. as in Ig. 117. For if ſuch a Spring be bent from A to a, the Particles on the 
Fig. 11. Side C, which now becomes convex, will be farther aſunder at F, while the 
Particles at D, carried to the concave Part E, will come cloſer together: So 
that the Attraction, inſtead of making the Spring reſtore itſelf, will keep it 
in the Situation in which it is, as it happens in Bodies that have no Elaſticity, 
where perhaps only Attraction obtains, Thus a Plate of Lead, a Plate of 
Copper, and a Plate of ſoft Iron ſtands bent. | 1171 
Bur the moſt probable way of ſolving the Elaſticity of Springs, is, to con- 
ſider both a repulſive and an attractive Property in the Particles, after the 
manner of the black Sand, which is attracted by the Load-ſtone, and has 
been ſhewn by the learned and ingenious Profeſſor Petrus Jan Muſchenbroek 
to be nothing elſe but a great number of little Load-ſtones, 


plate 4. LtT us ſuppoſe a Row of round Particles“ touching one another only in 
Fig. 12. the Point c in a Line from A to B. It is plain, from what we have ſaid in 
+ L. 1. Ann. our firſt Volume concerning the Attraction of Coheſion , that upon the leaſt 
T Shake or Alteration out of the Poſition of a (trait Line, theſe Particles will run 


together, and form a Sphere, in which the Globules will have more Points of 
Contact. But if theſe Particles have Poles like Magnets, in the oppoſite Places 
marked u, 5, fo that all the Poles u, u, u, Sc. repel one another, and all the 
Poles 5, 5s, 5 &c, do likewiſe repel one another, the Line AB wil continue 
{trait ; for if by any Force the ſaid Line BA be put into another Poſition, as 
into the Curve ba, then the Poles u, u, Sc. being brought nearer tcgether, 
(while the Poles s, 5, Sc. are farther aſunder) will repel one another more 
ſtrongly, and thereby hinder the Globules from running together towards the 
concave Part, and the Spring left to itſelf (all this while ſuppoſing one End, 
as b, B, or g fix'd) will reſtore itſelf, throwing its End à back to A, and ſo 
„L. 5. N*2, on to à by the firſt Law®: then being in the Poſition ag, the Poles 3, 5, Sc, 
are breught nearer together, whoſe Repulſion thus increas'd throws back: « 

to A, and ſo cn forward, the Line of Particles performing ſeveral Vibrations 

round B. 

May not a Spring of Steel, or other Springs, conſiſt of ſeveral Series of 
ſuch Particles, whole Polarity and Attraction acting at the ſame time, will 
6 % ſh:w 
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A Connſe of Experimental Philoſophy. 
ſhew why ſuch Bodies, when they have been bent, vibrate and reſtore them- 
ſeleen 77 | | | ffs 

Ir we take a Plate of Steel, and make it ſo ; 

immediately quench it, we thereby fix the Metal i te very near Fluidity, 
ſo that the Particles which the Fire had almoſt brought to Roundneſs, have but 
a very ſmall Contact, as appears by the Fragility of the Steel thus harden'd, 
which breaks like Glaſs, and has a ſhort Grain. Steel thus harden'd is highly 
elaſtick; for what Workmen call hard is the moſt elaſtick: as appears by the 
Congreſs of high-harden'd Steel-Balls, which return, in their Rebound, the 
neareſt to the Place we let them fall from, and, next to Glaſs, have the quickeſt 


Elaſticity of any thing we know. | | 

THAT we may not be thought to have given an imperfe& Account of the 
Elaſticity of a Steel Spring, becauſe ſuch an one as we have deſcrib'd wants 
Toughneſs, and will immediately fly when bent to any Degree : we muſt beg 
leave to conſider fartheFthe Properties of the round Particles, or little Spheres 
of Steel in which we have ſuppos'd a Polarity. - | 

Lr us ſuppoſe 'A and B (Plate 53. Fig. 1.) to be two little Spheres, 


; ks white, and the- 


Of Plate 5. 


component Partieles of Steel, in which at firſt we will ſuppoſe no Polarity, Fig. r. 


but only an Attraction of Coheſion. Then, whether the Particles have their 
Contact at c, d, e, u, or at J, «, 5, their Coheſion will be the ſame, and the 
teaſt Force imaginable will change their Contact from one of thoſe Points to 
another; becauſe in the rolling of theſe little Spheres they do not come into 
more or leſs Contact in one Situation than another. But if we ſuppoſe the 
Point # in each Spherule to be a Pole with a Force to repel all the other Points 
„ in any other Spherule; and likewiſe s, another Pole repelling the other 
Points s; the Spherules will eohere beſt, and be at reſt in that Poſition where 
the Points cc are in Contact, and u and s at equal Diſtances on either fide. 
For if the Spherules be turn'd a little, ſo as to bring the Points d, d into 


Contact, as in Pig. 27, the Poles u, u, being brought nearer, act againſt » plate 5. 
each other with more Force than the Points s, s, which are now farther off, Fig. 2. 


and conſequently drive back the Spherules to the Contact at c, c, beyond 


which continuing their Motion, they will go to 4%, (Fig. 3.) and fo back- Fig 3. 


wards and forward, till at laſt they reſt at c, c, which we may call he Point 
of Aquilibrium for Reſt in a Spring. Now there are beſides this two other 
Points of Æaquilibrium, beyond which the Spring may break, which are the 


Points e, e, towards u, and e, towards g, (fee Fig. 4 .) that is, when the f Fig. 4- 


Spherules have their Poles u, n brought very near together, the mutual Re- 
pulſion increaſes ſo, that the Attraction at the Contact is not able to hold them, 
and then they muſt fly aſunder, the Spring breaking. We ſuppoſe the Points 
e, e to be the Points of Contact beyond which this muſt happen; but that if 
the Contact be ever ſo little ſnort of it, as between e and d, the Spherules will 
return to their Contact at e, after ſome Vibrations beyond it, as has been al- 
ready ſaid, This is the Reaſon why call e, (in one of the Spherules) and its 
correſpondent Point e, on the other Side c, the Points of Equilibrium ; for it 


the Spring be bent toward a, (Plate 4. Fig. 12.) fo that the Spherules like A Plate 4 
and B, (Plate 5. Fig. 1.) touch beyond e, the Spring will break : likewiſe if Fig. 12. 
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the Spring be bent the other way, till the Spherules touch bey oad e, then it 


Leet. VI. will breah che other way. Now when the Spherules touch at e, e, or at e, 4, 
the Springe is as likely to return to its firſt Poſition as to break; for which 


Fig. 6. 


Reaſon I have call'd the Points e and s, Points of Equilibrium, as alſo ha . 
ving khown by Experience, that a Spring left bent to a certain Degree ba 


| after ſome time, broke of it ſelf. 


Spring; therefore the Figures of the Particles muſt be altered, in order to 
render it uſeful ; and this is what is done in bringing down the Lemper of the 
hard Steel, and letting down a Spring, as it is called. What Change ought 
to be inde 1 in the Particles, we ſhall firſt ſhew; and then conſider how far 
that is done by thoſe who make'Springs. 


Ir the Parts ſuppoſed globular, as in Fig. 1. are now flatten'd at c where 


Fxom all this it appears, that ſpherical Particles will never make a 5 


the Contact is, ſo as to put on the Shape nds (as in Fig. 5.) the Contact 


will be much increas'd, and reach from d to 4, ſo th in bending the Spring 
there will remain a great Contact in the Particles, and the Points of - 
quilibrium bee (viz. e, e above, and «, e below) will be removed 
nearer to the Poles , or s, than when the Particles are round; the conſe- 
quence of which will be, that the Spring muſt be bent much farther to be in 
dangef of breaking than in the former Suppoſition, as may be ſeen in Fig. 
6. where two Particles being open'd about the Point 4 as a Center, the at- 
tracting Points c, c, and ©, J have ſtill ſome Force to help to bring back the 
Particles to their whole Contact; becauſe in this Shape of the Particles the 
attracting Points c, c, J, J are removed but in Proportion to their Diſtance 
from the angular Point a; whereas if the Particles. had been ſpherical, and 
the Line d an Arc of a Circle, the attracting Points c, c, and J, I wou'd have 
removed from one another farther than in proportion to twice the Square of 
the Diſtance from d (as in Fig. 2.) and ſo have afforded very little help for 
bringing back the Particles to their Contact. A Row of Particles in the 
Spring thus conſider'd, is to be fern in the natural State at BA, Tig. 7. and 
bent at ba in the ſame Figure. Here it is to be obſerv'd, that if in this Fi- 
gure of the Particles you wou'd bend the Spring to bring the Particles to 
touch at their Point of breaking Afquilibrium, you muſt open them ſo much 
on the contrary ſide, that the Spring will be bent far beyond any Utes in- 
rended to be made of it, as appears by Fig. 8. where two Particles are brought 
to touch at the equilibrating Point e, and by Fig. 9. where many Particles 
being put into that Condition, the Spring is brought round quie into a 
Circle. 

Now the common Practice in making Springs, is the moſt likely to pro- 
duce this Effect required in the Particles; for the hard Spring whoſe Parti- 
cles were round, or nearly ſo, is heated anew, and whilſt it is cooling gently, 
the mutual Attraction increaſes-the Contact, ſo that the Particles grow flatter 
in thoſe Places where before they had but a ſmall Contact; and leſt this Con- 
tact ſhould become too great, the Spring's ſoftening is ſtopped by quenching 
it in Water, or Oil, or Greaſe. Another way of making Springs, is to begin 
and ſhape them in cold unelaſtick Steel, and then having heated them 2 : 

ma 
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ſmall Degree, for Example to a blood - red Heat, immediately to cool them Annotat. 
in ſome proper Liquor, This alſo ſettles the Particles in their oblong Figure, Lect. VI. 
thro' which they muſt paſs before they become round, or nearly ſa, in aa 
white Heat. That Particles of Steel are fixed in the Figures which they have 
at the Inſtant of dipping,. will not appear ſtrange when we conſider that dip- 

ing red-hot Steel in cold Liquors in a particular Poſition, makes it magnetical. 
ff it be aſk'd, how we account for making Springs only with hammering, 
it is eaſily anſwered, that we can make Iron and Steel magnetical only with 26 0 
hammering z and if we can give and deftroy Poles in the whole Piece, there 
is no Improbability to think we can give Poles to little Parts; or rather bring 
into a particular Situation the Poles which they have: for if the Poles that 
we have conſidered be placed quite irregularly, there will be no Elaſticity at 
all. Agreeable to this, Springs may be made of other Metals than Iron or 
Steel, tho? not ſo perfect, by hammering; for it will be ſufficient for the little 
Particles to have Poles that attract and repel one another, driven by the 
hammering into a regular Order. 2 
N. B., This applied tothe Vibration of a String, will better ſolve its ſeveral Caſes 
than Atirafion alone; and the Elaſticity of Glaſs is juſt the ſame as that of a 
very brittle Steel Spring. : . 8 


2. [11. A Glaſs is ſooner broken within than at the Surface, and —tbat Plate 1. 
broken Part becomes viſible and ſbining.] In Number 10. of this ure (Plate Fig. 3. 
1. Fig. 3.) we have conſidered the Particles of Glaſs lying in equidiflant Strata, 
as ſo many Strings repreſented by the Lines AB, which being ſtruck at D, 
are infected towards C, as the pointed Lines repreſent. Now we muſt ob- 
ſerve, that the longer Strings are, the flower are their Vibrations, and 
conſequently the weaker; ſo that if there be any Force applied to hinder a 
bent String from returning to its ſtreight Poſition, tho' it be inſufficient to 
effect it in a ſhort String, it may in one that is longer: and the ſame Rea- 
ſoning may be applied to longer or ſhorter Strata in the Glaſs. For Example, 
in the Ball AB DC, if by the Stroke given at D, which cauſes all the Strata 
AB to be bent into the Curves repreſented by the pricked Lines, one of the 
longeſt of them as AB above © being bent into the Line AC B, be attracted 
more ſtrongly by the S/ ratum immediately below it, namely by A B under 
C, ir will remain in that Place, (viz. at ABC) whilſt the other Strata return 
to their former Situation AB, AB, Sc. fo that there will be an Hollow from ; 
ACB to that Stratum AB, which is the ſecond above C. This making a 
great Opening between two Strata in the Body of the Glaſs, is the broken 
Part that we ſee. But how we come to fee it, or how the Glaſs in that Place 
laſes its Tranſparency, cannot be explained without the Knowledge of ſome 
Properties of Light firſt diſcovered by Sir Iſaac Newton. We read in his Opticks, 
that Raysof Light, in reſpect of tranſparent Bodies, have Fits of eafy Tranſmiſ- 
ſion, and Fits of eafy Reflefion. We ſhall not ſo far anticipate upon Opticks 
here, as to ſhew what puts the Rays of Light into thoſe Fits, and that Rays 


differently refr angible have a different Number of theſe Fits in the ſame Space. 
Vor. IL _ It 
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It is only neceſſary for our purpoſe to ſhew what is meant by the Expreſſion, 
and to apply the thing to the preſent Caſe. lip 3 a; N28 
Tuo! à Ray of Light has ſome hundreds of theſe Fits in going the 
ſpace of an Inch (See Sir Haac Newton's Oplicks,) we will only now ſup- 
pole five or ſix. Let AB GH (Plate 5. Fig. 10.) be a Body of Glaſs, in 
which we ſuppoſe the. Strata to be AB, CD, EF, GH, and Lg, RS, TI 
to be in ident Rays of Light in which the Letters r and t mark the Fits of 
eaſy Reflection, and the Fits of eaſy Tranſmiſſion, the laſt being alſo diſtin- 
guiſh'd by little Strokes acroſs, while the other are ſhewn by large Points. The 
Ray Le (Whoſe Fits r, , ,t we take no notice of, whilſt it is above the 
Body of Glaſs) at the Surface, or firſt Stratum of the Glaſs, is in a Fit of 


eaſy Reflection, and thereſore will be reflected by the firſt Stratum A B, ſhew- 


ing by its reflected Ray e / the Point of the Surface at , or rather any Ob- 
jects that might be in the Line Ly, to an Eye at l. But if we conſider the 
Motion of the Ray RS, which happens to be in a Fit of eaſy Tranſmiſſion at 
the Surface of the Glaſs, or firſt Stratum A B, it will paſs thro' that Stratum ;. 
then its next Fit being a Fit of eafy Reflection, becomes ineffectual, becauſe- 
where it is, there is no Stratum of the Glaſs to reflect it: The next Fit happens 
at the ſecond S ratum CB; and as it is a Fit of eaſy Tranſmiſſion, the Ray goes 
thro'; and the next Fit of eaſy Reflection becomes ineffectual, becauſe it 


happens between the ſecond and third Stratum: ſo the Ray goes on, and 


with its next Fit of eaſy Tranſmiſſion paſſes thro EF the third Stratum. 
The next Fit of eaſy Reflection falling between the Strata is ineffectual, and 
therefore the following Fit of eaſy. Tranſmiſſion carries the Ray thro' the laſt 
Stratum G H, and ſo out of the Glaſs. But if this laſt Stratum had by 
any means been diſplaced and brought higher, ſo that it had come to that 
Part of the Ray which was in a Fit of eaſy Reflection, it would have re- 
flected the Ray which in that caſe would not have gone thro' the Glaſs, 
but have come out again on the ſame Side it went in at. Another Ray 
more oblique, as TI, might go thro' all the Body of the Glaſs in the man- 


ner above deſcribed, and yet by being in a Fit of eaſy Reflection at the under 


Surface be reflected up again thro' the firſt Surface. Thus, if you hold a 


Glaſs Priſm (as PPI, Fig, 11.) with one of its Surfaces downwards and hori- 


» Fig 12. 


zontal as PP, oblique Rays of Light as RN will. be in their Fits of eaſy 
Reflection at the latt Stratum, or under Surface PP at N, and be reflected up 
again towards g; but if the Angle RIN had been leſs, the Rays of Light 
would have paſs'd thro' the Glaſs without any Reflection. - 
Nov if a Ball of Glaſs AF BE D, which is entire within and without, be 
expoſ-d to ſuch a Ray of Light as goes into it, as Ry, that Ray will paſs quite 
thro? it, its Fits of eaſy Reflection happening always between the Strala, where 
there is no Glaſs to render them effectual. But if, by a Blow given to the 
Ball at F, the Strata are bent in, ſo that the Stratum AB is left behind be- 
tween the next Stratum DE, and the Place where it was before; then the 
Ray of Light being in a Fit of eaſy Reflection uſt at that Stratum, that Stra- 
tum willrender that Fit effectual, and reflect the Ray back to G, where w Eye 
ing 


, bo. 
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being placed, will ſee the broken Place within the Glaſs at C, which was to 
be explained. taht hue 218 $it mi 45 


. | —=——— There are two Sorts. of Vibrations in elaſtic Bodies, &c. ] 
When a String vibrates very ſlow, the Tremor of the Parts is not ſtrong 
enough to give a Sound. It has been obſerved, that unleſs it vibrates 124 
Times in a Second, it produces no Sound; and when it does vibrate 123 
Times in a Second, it gives the graveſt Tone or loweſt Note: And when'it 
gives the ſharpeſt Tone or higheſt Note, it vibrates 6400 Times in a Second. 
As we intend to be more particular upon Sound in its proper Place, we ſay 
no more about it here. | K* 


4. 16 CoroLLARY 1. From hence it ſollous, that if one Body 
Arites againſt another, which is either at reſt, or moves more ſlowly according 
to the ſame Direction, the Sum of the Motions in the two Bodies towards the 
ſame Parts, will be the ſame after the Stroke as before.] Let the Body A 
move in the Direction C D from C towards D, and let it ſtrike againſt ano- 


x 
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ther Body B, that is either at reſt, or moves flower in the ſame Direction: I Plate ;. 
ſay, the Sum of the Motions in both Bodies towards the ſame Parts, namely Fig. 13, 


from C towards , before and after the Stroke, wil! remain the ſame. Let 
CD expreſs the Motion of the Body A, and if the Body B moves, let the 
right Line E F repreſent its Motion towards the ſame Parts, and therefore 
the Sum of the Motions may be expteſs'd by the Sum of the right Lines CD, 
EF. Now, ſince Action and Reaction are always equal and contrary, the 
equal Forces impreſs'd towards the contrary Parts will produce in both the 
Bodies equal Changes of Motion towards the contrary Parts : If therefore the 
Motion impreſs'd on B by the Stroke of the Body A, ſhall be repreſented by 
FG, the contrary and equal Force acting on the Body A, will take as much 
from its Motion made towards the ſame Parts; ſo that by putting DK equal 
to FG, CK will be as the Motion of the Body A, and EG as the Motion 
of the Body B, after the Stroke or Concourſe; and therefore the Sum of the 
Motions will be as the Sum of the right lines CK, EG. But ſince F G is 
equal to K D, if to both there be added E F and CK, then EG and CK will 
be equal to CD, EF: Whence the Sum of the Motions towards the ſame 
Parts will remain the ſame, both before and after the Stroke. If F G is equal 
to CD, the Point K will co-incide with C, and CK will become equal to no- 
thing; whence after the Stroke the Body A will be at reſt. But is FG is greater 


Fig. I4. 


than CD, the Point K will fall beyond C, and the Motion of A will become Fig: 15: 


negative, or towards the contrary Parts, viz. from C towards K; and the Sum 
of the Motions towards the Parts G, will be as E G leſſened by CK; for the 
Sum of two Quantities, whereof one is poſitive, the other negative, is their Dif- 
ference, But becauſe FC=K D, let EF=CK'be added to them both, and 
it will be EF+FG—CK: that is, EG=CK=KD+EF—CK, that is, 
FF+CD: Whence the Sum of the Motions towards the ſame Parts, which 
is here the Difference of the Motions towards contrary Parts, before and after 
the Stroke, remains the ſame. Q: E. D. | A 
G 2 or. 
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Annotat. Cor. After the ſame manner, if more Bodies moving towards the ſame WH - 

Le&. VI. Parts ſtrike againſt one another, the Sum of their Motions will not be alter'd. I 
| 1 1 
g. (16. F two Bodies in contrary Directions meet one another full, the Sum 4 


of the Motions towards the ſame. Parts, &c. will continue the ſame before and 
after the Meeting, &c.] Let the on A move from C towards D, whoſe | ES 
Motion let be expreſs'd by CD; but let B be moved towards the contrary | 
Fig. 16, Part, namely from E to F, with a Motion as EF: Let DH be but equal to 
E; and CH, which is the Difference of the Motions towards the contrary 
Parts, will be as the Sum of the Motions towards G: I ſay, the Sum C H 
will be as the Sum of the Motions towards the ſame Part G after the Stroke. 
For let the Motion of the Body B after the Stroke be towards the Part G, and 
, let it be repreſented by the right Line EG; the Force therefore of Impulſe 
impreſs'd on B towards the Part G, will be equivalent to the Sum of the 
Motions EF, EG, and will be repreſented by the right Line FG: For by 
that Force is deftroy'd the Motion as E F, towards the Part F, and a new 
one, as EG, is impreſs'd towards the contrary Part G. But ſince the Force 
of Impulſe acts equally on both Bodies towards the contrary Parts, if DK is 
made equal to FG, it will repreſent the Force exerciſed on the Body A, to- 
wards the Part contrary to its Motion; ſo that if the. Motion as DK is ſub- 
tracted from the Motion as CD, there will remain CK as the true Motion of 
the Body A towards the Part G. Now ſince DK is equal to FG, and DH 
equal to FE, it will be DK, leſſened by DH, that is KH equal to FG, 
leſſened by FE, that is EG: And therefore ſince KH is equal ro EG, KH 
will be as the Motion of the Body B after the Stroke; but CK is as the Mo- 
tion of the Body A, ſo that CK, KH, that is, CH will be the Sum of the 
P Motions in both Bodies towards the Part G. Q E. D. 
Ir FG is equal to CD, the Point K will fall on C, and then the Motion 
of A will become equal to nothing; that is, the Body A after the Stroke 
Fig. 17. will be at reſt, and CH will be equal ro EG, But if FG is greater than CD, 
Fig. 18. the Point K will fall beyond C towards the other Part, and the Motion of the 
Body A will be from C towards K; but (by reaſon FG is equal to DK, and 
FE <qual to DH) KH is equal to EG: And therefore, if from both there 
be taken CK, it will be CH equal to the right Line: EG, leſſened by CK. 
But CH was as the Sum of the Motions towards the Part G before the Stroke, 
and it is EG leſſened by CK, as the Sum of the Motions towards the ſame 
Part, namely, as the Difference of the Motions towards the contrary Parts af- 
: ter the Stroke, Wherefore the Sum of the Motions towards the ſame Part 
| will remain the ſame before and atter the Stroke. 


Fig. 19. 6. [17. The common Center of Gravily of two or more Bodies, &c. is either at 
| reſt, or moves uniformly in a right Line. 1. 

Tut firſt Cale. Let the Bodies A and B tend towards contrary Parts, 

whoſe common Center of Gravity let be C. By reaſon of the equal Quantity 

ö of Motion in both Bodies, the Velocity of the Body A will be to the Velocity 

of the Body B, as the Body B to the Body A; that i, (from the Nature of 


* the 
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the Center of Gravity) as AC to BC: whence the Spaces paſſed over in the Annotat. 
ſame time bing proportionable to the Velocities, whilſt the moving Body A Lect. VI. 
runs through the Length AC, the Length BC will be run through by the wy 
moving Body B; ſo that the Bodies will meet in the Point C, and in that 
Point will be their Center of Gravity at the time of their Concourſe; but it was 
in the ſame Point before the Concourſe, ſo that it remained in the fame Place. 

Ir may be ſhewn, after the ſame manner, that if the Bodies receded from 
the Point C with equal Motions, their Center of Gravity would have been at 


re 
Tus ſecond Caſe. If Bodies are carried in the ſame right Line towards the 
ſame Part, or with unequal Motions towards contrary Parts, their common 
Center of Gravity will be always found in the fame right Line. For ſince the 
Bodies do uniformly and directly recede from one another, or approach one 
another, their Diſtance ſrom one another will be uniformly increaſed or dimi- 
niſhed; and therefore the Bodies will uniformly recede from, or approach to, 
any Point, dividing the aforeſaid Diſtance in a given Ratio. The Diſtance 
therefore of the Bodies from their common Center of Gravity, will be uni- 
formly increaſed or diminiſhed ; which cannot be in the aforeſaid Caſes, un- 
leſs that Center is either at reſt, (as in the firſt Caſe) or moves uniformly, as 
in the preſent Caſe. ts | 
Tus third Caſe. Let the Bodies A and B move in the right Lines AC, BD; Plate &. 
and let the Spaces AC, CE, paſſed over by the Body A in equal Times, be Fig, 
equal; and the Spaces BD, DF, paſſed over by the Body B in the ſame 
Times, be alſo equal. Let the right Lines AC, BD, meet in G; and let it 
be as AC to BD, ſo is AG to GH, and join AH; to which, through C 
and E, let CI, EK, be drawn parallel: it will be AC to HI, as AG to 
GH; that is, as AC to BD; wherefore HI is = BD, and therefore HB 
=ID. In like manner, CE is to IK, as AG to GH, or AC to BD; 
that is, as CE to DF; wherefore IK is = DF, whence KF = ID = HB. 
Let L be the common Center of Gravity of the Bodies, when they are placed 
in the Points A and B; draw LM parallel to BD; the right Lines AB, 
AH, will be cut ſimilarly ; join GM, and let it be produced; this will cut 
the Parallels to AH in the Points N and O; viz. in the ſame Ratio as AH 
or AB is cut. Draw through N and O, parallel to BD, the right Lines 
NP, OQ; theſe will cut CU, EF, in the ſame Ratio as CI, EK, are cut; 
that is, in the ſame Ratio as AB is cut in L: but L is the common Center 
of Gravity of the Bodies when they are found in A and B; wherefore P will be 
their Center, when they are in the Points C and D, and Q. when in E and F. 
Beſides, ML is to HB as AM to AH, or as CN to CI, or as NP to ID: 
but HB and ID are equal; wherefore ML and NP will be equal: in like 
maner, NP and OQ will be equal. Since therefore the right Lines ML, 
NP, "_ are equal and parallel, the right Line drawn through L, and pa- 
rallel to MO, will paſs through the Points P and Q; and therefore the Center 
of Gravity will be always placed in the right Line LQ. Beſides, (by reaſon 8 
of the Parallels) AC is to CE as MN to NO; that is, as LP to PQ; 
wherefore (by reaſon ACis = CE), it will be LP =PQ, Therefore the 
COMMON 
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common Center of Gravity of Bodies is always in the ſame-right Line, and 
paſſes over equal Spaces in equal Times. Q, E. D, SRI AN ni WA 
Taz fourth Caſe. If the Bodies do not move in any one, but in different 
Planes, their Ways, and the Way of their common Center of Gravity muſt 
be reduced to the ſame Plane, by letting fall from every Point of the Ways 


Perpendiculars upon any Plane; and (after the ſame manner as in the pre- 
ceding Cafe) it will be demonſtrated, that the Way of the Center of Gravity 


thus reduced, will be a right Line: and fince this is in any Plane aſſumed at 
pleaſure, is is necefſary that this Way or Path of the Center of Gravity of 


the Bodies, is a right Line. Q. E. D. 
In lke manner, the common Center of theſe two Bodies, and any third 


one, is either at reſt, or moves uniformly-in a right Line, by reaſon the Di- 


ſtance of the common Center of Gravity of the two Bodies, and the Center of 


the third, is divided by it in a given Ratio. And after the ſame manner the 


common Center of theſe three Bodies, and a fourth, either is at reſt, or moves 


in a right Line, by reaſon the Diſtance betwixt the common Center of the 


three, and the Center of the fourth Body, is divided by it always in the ſame 


Ratio; and ſo of any other number of Bodies. Q; E. D. 


7. [ 20. F two Bodies, whether equal or unequal, are carried towards the ſame 
Parts, with Velocities any how equal or unequal, the Sum of the Motions of the 
two Bodies is equal to the Motion that will ariſe, if each of them was mov'd with 
the ſame Velocity as their common Center of Gravity moves with. | i: 

LET the two Bodies be A and B, whoſe common Center of Gravity let be 
C, and let both the Bodies be carried towards D; I ſay the Sum of the Mo- 
tions in both Bodies will be equal to the Motion that would be produced, if 
both Bodies were carried towards D with the Celerity of their Center of Gra- 


vity C. For let the Body A in any given Time deſcribed the Length Aa, the 


Body B the Length BI, and in the mean while let the Way paſſed over by the 
Center of Gravity C be CG; and (by what we have ſaid) the Lengths 
Aa, Bb, CG deſcribed in the ſame Time, will repreſent the Celerities of 
the Body A, the Body B; and the common Center of Gravity C reſpe&ive- 
ly ; but ſince the Quantity of Motion in any Body is as a Rectangle con- 
tain'd under the Quantity of Matter and the Celerity, ſo the Motion in the 
Body A will be as A* Aa; and in the Body B as BX BVS; and the Sum of 
the Motions will be as the Sums of theſe Rectangles, viz. as AxA a+Bx 
Bb. But (by the Def. of the Center of Gravity of Bodies) BC is to AC as 
A to B; and as A to B, ſo alſo (by the fame Definition) is o G to a G: where- 
fore BC will be to AC, as 56 to aG; whence [by 19 El. 5. ] BC is to 
AC, that is, A to B, as BC - G to AC - G; that is, as CG —Bb 
to AA = CG. So that (by 16 El. G.) AR AA ANR CG will be equal to 
BxCG—BxB6b; and therefore AxA a+BxB V will be equal to 
AxCG+BxCG: but the two Rectangles A Aa, and BxB 5, are (as 
has been ſaid) as the Sums of the Motions in. both the Bodies: and the two 
Rectangles under A and CG, and under B and CG, will be as the Sums of 
the Motions that would ariſe, if both the Bodies were carried with the Celerity 
C G of the Center of Gravity; whence the Sum of the Motions in both Bodies 
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is equal to the Motion that would be produced, if both Bodies were carried Annotat. 
with the Celerity of their common Center of Gravity. 2 ED. Lect. VI. 

Ir there are three Bodies A, B. D, carried towards the ſame Part, let E — 
be the common Center of Gravity of theſe three Bodies; the Sum of the Mo- 
tions in the three Bodies will be equal to the Motion ariſing from the ſame Bo- 
dies, carried with the Velocity of the Point E. For let C be the common Plate 6. 
Center of Gravity of any two Bodies A and B, the Motion in theſe two Bo- Fig. 3. 
dies (by what has been demonſtrated before) will be equal to the Motion that 
would ariſe, if the Bodies coaleſced in one were carried with the Velocity of the 
Point C; but alſo the Sum of the Motions (viz. the Motion of the Bodies fo 
coaleſcing, and the Motion of the third Body D) will be equal to the Motion 
which would happen, if the Body coaleſcing out of the two was moved toge- 
ther with the third Body D, with the Celerity of the Point E; whence the 
Theorem holds alſo in this Caſe. | 

Tus Demonſtration is the ſame, if the Bodies do not move in the ſame 

right Line, but in Parallels, or alſo in Lines any how inclined. But in this 
Caſe it muſt be obſerved, that the Celerity of the Bodies, wherewith they are 
carried towards the ſame Part with the Center of Gravity, is not to be reckon'd 
by the Way which they really paſs over, but only by the Way wherein they 
move according to the Direction of the Center of Gravity. For Example, if two Plate 6. 
Bodies A and B are carried in the right Line A a, Bb, and CG is the Line Fig. 4- 
deſcribed by the common Center of Gravity, whilſt the Bodies paſs over the 
Lengths Aa, Bb, and from the Points A, a, B, 3, let fall the Perpendicu- 
lars AF, a g, BH, 65 K upon the right Line, CG. Now the Spaces which 
the Bodies paſs over according to the Direction of the Point C, are not A a, 
B 5, which are the abſolute Spaces deſcribed by them ; but the Space according 
to which the Body A is moved towards the Part D, and muſt be computed in 
the right Dine FD, by the Length Fg; for it moves ſo much, and no more, 
| according to the Hirection of the Point C. In like manner, the Space accord- 
ing to which the Body B is moved towards the Part D, is HK; and by that 
Space its Progrels in the right Line HD is to be reckoned, ſo that the Cele- 
rities of the Bodies wherewith they are carried towards the ſame Part, are as 
the right Lines Fg, HK; beſides, A is to B as BC to AC, or (by reaſon 
of the equi angular Triangles ACF, BCH) as HC to FC; whence the 
Demonſtration will proceed as in the firſt Caſe, 


. 


THEOR, 


8. [21. If two Bodies are carried towards contrary Parts, the Difference of 
the Motions towards contrary. Parts, or, (which is the Jame) the Sum of 1 
Motions towards the ſame Parts will be equal, &c. ] 

Ler the Bodies be A and B, whoſe Center of Gravity let be the Point C, Plate 6, 
and let the Body A move from A towards D, and the Body B towards the Fig. 5. 
contraryP art from B towards E; let the Spaces deſcribed by the Bodies A, B, 
and Center C in the ſame time, be A a, BI., CG: theſe (by Theor. 6.) will 
repreſent the Velocities of the Body A, the Body B, and Center of Gravity C 
reſpectiyely; whence the Motion of the Body A is as A * A a, and the Mo- 
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Annotat. tion of the Body B as BxB 5; ſo that the Difference of the Motions will be 
Lea. VI. AxA a BNB. Moreover, from the Nature of the Center of Gravity, 
cis to AC as A to B; and as A to B, ſo will be 4G to 2G: wherefore it 

will be as BC to AC, ſobG to aG. So that (by 19 El. 5.) BC will be 
to AC, that is, A to B, as BC G to AC —- 2 ; that is, A will be to 
B as BS CB to A&—CG; wherefore (by 16 El. 6.) the Rectangle under 
A and Aa—CG will be equal to the Rectangle under B and Bb CG; 
that is, Ax Aa—AxCG=BxBþb+BxcCG: whence it will be Ax 
Aa—BxBb=AxCG+B x CG; but AN AAZ—B N B50 is (as 
was ſaid before) the Difference to the Motions towards the contrary Parts, or 
the Sum of the Motions towards the fame, and A x CG + Bx« CG is the 
Motion emerging, if both the Bodies ſhould be carried with the Velocity of 
their common Center of Gravity; whence the Propoſition is manifeſt, 


Conv 1. : | 
Ir the Difference of the Motions towards the contrary Parts is equal to no- 
thing ; that is, if in both the Bodies the Quantities of Motion are equal, the 
common Center of Gravity in this Caſe will be at reſt. | 


8 CoR. 2. 

Ir there are ſeveral Bodies, either all carried towards the ſame Parts, or 
ſome towards the contrary Parts; the Sum of the Motions of all towards the 
ſame Parts will be the ſame, as if all were carried towards the ſame Part with 
the Velocity of the common Center of Gravity of them all. 


CoR. 3. 
Tux Motion therefore of many Bodies is to be reckoned from the Motion 
of the Center of Gravity, and their Syſtem will proceed forwards, or go back- 
wards, aſcend or deſcend as much, as their common Center of Gravity pro- 
ceeds forwards, or goes backwards, aſcends or deſcends. 


9 [25.4 general Solution of this Problem is given by a Calculation in the 
Notes.] Let the Velocity of the Body A be calld C, and the Velocity of the 
Body B be c; and if the Bodies are mov'd according to the ſame Direction, 
the Sum of the Motions in both towards the ſame Parts will be AC Be: 
but if they are mov'd towards contrary Parts, the Sum of their Motions to- 
wards the ſame Parts will be AC—Bc; but in all Bodies, the Sum of their Mo- 
tions towards the ſame Parts is the ſame before and after the Impulſe: wherefore 
the Motion of the Bodies after the Impulſe will be either AC+Bcor AC Be, 
according as the Bodies did tend towards the fame, or contrary Parts. There 
is therefore given the Momentum of the Bodies carried with the ſame Velocity, 
whence their Velocity will I1kewife be known; namely, dividing the Mo- 
mentum by the Bodies themſelves, and the Quotient will give their Veloct- 

AC+Bc AC—Bco 


nes, VIZ. "IT Or FR and if B is at reſt, that is, if c be Þyt 


equal to nothing, the Velocity of the Bodies will be = 
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10. [41,-+Pendulous Bodies, &c. their Shock will hardly agree with the Maſs Annotat, 
multiplied into the Square of the Velocity, and the known. Laws of the Congreſs, Lect. VI. 


nion concerning the Meaſure of the Force of Bodies in motion is moſt agree - 
able to the Phenomena of the Congreſs of Bodies. 


Nor to give the Reader the Trouble of going back to the firſt Volume, I 
beg leave to repeat here, that the old Opinion is, that the Maſs, mulliplied into 
the Velocity is the Meaſure of the Force of a Body in motion: and the new 
Opinion 1s, hat the Maſs muſt be multiplied into the. Square of the Velocity, to give 
the Meaſure of that Force. — 
I nave. for many Years conſider'd, this Queſtion, and the more I examin'd 
other People's Experiments and. Demonſtrations, as well as my own, made in 
favour of the old Opinion, the more. I became confirm'd in my Belief. of it: 
and yet, as I was always reſolv'd to be impartial in the Caſe, I likewiſe ex- 
amin'd the Experiments and Demonſtrations in favour of the new, Opinion, 
and found KT, them to be true, as far as I could judge of them; but being 
certain of the. Truth of, the old Opinion, / L.imagin'd. that there muſt beſome 
Fallacy or Flog in the Ex ende what was given as Demonſtra- 
tion by the adverfe Party, which I had ſoverlook'd: eſpecially when I really 
found ſome, few 75 their Experiments to be inconcluſiveʒ and ſome of the De- 
monſtrations not fair. I ſuppoſe, on the other hand, that ſome very imparti 
Gentlemen on the other ſide of the Queſtion, ſully convinc'd by the Experi- 
ments and real Demonſtrations for their Opinion, who could not but acquieſce 
in moſt of our Experiments and Demonſtrations, did ſtill retain their Opinion 
for the ſame Reaſon, and alſo that they found ſome of our Experiments in- 
concluſive. But then it ſeem'd to me very ſtrange, that there ſhould be ma- 
ee Demonſtrations, and very plain Experiments, for and againſt the 
ame thing, which made me almoſt quit the further Conſideration, of the Sub. 


o 


je; but finding that, in. ſeveral mechanical Enquiries, I mult reaſon againſt 


what | knew. to be true, by embracing the new or. old Opinion; at laſt I 
found both Opinions to be true, and that ſeveral of the ſame Phænomena might 
be ſolv'd by Calculations drawn from either Opinion: the whole Diſpute being 
only about Words. For the Word Ferce, whoſe Meaſure we have conſider'd 
differently, is not taken in the ſame Senſe, by our Adverſaries and ourſelves: 
and as every body is at liberty to define the thing about which they treat, pro- 
vided they ſtick to that Definition in all their Reaſonings; ſo whilſt we mean 
ditferent things by the ſame Word, we may both be in the tight; and whilſt 
either Party imagines that the others take the Word in the ſame Senſe that 
they do, they may think them to FT the wrong. Tho' this Diſpute has 
laſted many Years, (abopt g9 ears) yet it has been of uſe in Philoſophy and 


Mechanicks, having given occaſion to many Conſiderations, and the making 


of many Experiments, unthought of before. Now to ſet this matter quite 
right, I ſhall ſhew what we mean by Force, and what thoſe Gentlemen, whom 
we have call'd our Adverſaries, mean by it: and then it will appear, that moſt 
cf the Experiments and Reaſanings on both eee eee. 


"COL 1 cluſi ve 


Kc. ] The queſtion to be decided here, is, whether the old or the new Opi -- 
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cluſive for the Meaſure of Force in the different Senſes given go that Word: 
therefore, that we are not Adverſaries in reality, tho* ſo calFd hitherto. - _ 
We (iht is, the Engliſh and French Philoſophers) mean by the Word 
Force the ſame thing as we do by Momentum, Motion, or Quantity of Motion, 
of inftantantons Preſſure, the which, as we meaſu:e (in comparing Bodies in 
motion one with another) by the Maſs multiplied into the Velocity; fo it 
may be known by its Effect; that is, the Product of the Maſs into the Velo- 
city is expreſſive of what we call Momentum, or Force, whote Meaſure it is. 
And to be ſtill plainer, when we conſider Bodies going thro” a certain Space, 
we always conſider the Time in which the Space is run thro', which we call 
the Velocity. | 9 8 | : | 
Ous ſuppos'd Adverſartes (that is, the Datth, Italian, and German Phi- 
loſophers) mean by the Word Force, or Forte inherent in a Body in Motion, 
that which it is able to produce; or in other Words, the Force is always mea- 
far'd by the whole Effect produc'd by the Body in motion, until its whole 
Force be entirely communicated or deſtroy'd, without any regard to the Time 
employ'd in producing this total Effect; becauſe. they look upon this total 
Effect as the perfect and adequate Meaſure of what they mean by Force: agree- 
able to this receiv'd Axiom That Effects are always proportional to their 
Cavſes. | | 8 e 

To confirm what I have faid concerning the Meaning which is given to the 
Word Force by our Adverſaries, (I {til} uſe that Term Adverſary only for di- 
ſtinction ſake) I beg leave to quote ſome of Mr. Profeffor £Graveſande's Ex- 
pteſſions upon the ec, in the Journal Hiftorique de la Republique des Let- 
tres, for November and December, 1733, under the Title, Nouvelles Expe- 
riences ſur la Force des Corps en monvement, pur G. J. $Gravefande ;—xowards 
the End. Il me ſemble que ceci (parlant de quelques Experiences) leve la 
plus grande des Difficultẽs quꝰ on ait oppoſees juſqu*a preſent aux Experiences 
<«« alleguees-pour prouver que la Force eſt proportionelle au Quarre de la Vi- 
« teſle par la Maſſe Je n'ajoute qu*un mot pour evitef toute Diſpute in- 
„ utile———le Mot de Foree eſt equivoque ; mais dans tout ce que j'ai crit 
© ſur la Force des Corps en Mottvement, j'ai entendu par ce Mot, la Capaciti que 
« ce Corps avoit d'agir ſur les autres Corps en perdant 7 Mouvement.“ | 

Is Engliſh thus——Methinks this (ſpeaking of ſome Experimehts) takes 
off the greateſt of the Difficulties hitherto thrown in by way of oppoſition to 
the Experiments alledged to prove the Force to be proportional to the Square 
of the Velocity multiplied into the Maſs——1 add but one Word, to avoid all 
uſeleſs Diſpute the Word Force is equivocal , but in all that I have written 
upon the Force of Bodies in motion, I bave underſtood by that Word the Power 
or Capacity that the Body has to att upon other Bodies in lofing its Motion. 

AnD a little lower he ſays, ** qu'on donne au Mot de Force an autre Tens ; 
qu'on diſe que cet autre ſens eſt plus naturel ; je ne m'y oppoſe pas: tout ce 
que Jai voulu ſoutenir, c'eſt que ce que Pai nomme Force doir-Etre meſure par 
le produit de la Maſſe & du Quarre de la Viteſſe : pour ſoutenir qu'en envi- 
«© fageant la Force ſous une autre fagon on peut admetre un autre meſure, il 
«* fagt expliquer toutes les Experiences qu'on a fait ſur la Force & le Chock, 
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ce que nous faiſans de notre cõtẽ; & que j oſe aſſurer que cela ta pas encore 
« etc fait par ceux qui ont embraſss le Sentiment em | 
In Englip thu Let People give the Word Force another Signification', 
and let them urge, that that aher Signification is more natural; I make no Oppeſe- 
tion to it: all I have been willing to maintain, is, that what I have named 
Force ought to be meaſur d by the Product of the Maſs into the Square of the Velo- 
city. To alledge, that confidering Farce another way one may admit another Mea- 
ſure, one ſhold explain all the Experiments that have been made upon the Force and 
Congreſs of Bodies, which we do on our Part; and which I dare ſay has not yet been 
done by thoſe who bave embrac'd the contrary Opinion. 
And a little before he ſaid, la Difficulte que nous venons d'indiquer, & 
« a laquelle les Defenſeurs du Sentiment que la Force eſt propertionelle au 
produit de la Maſſe par la Viteſſe, font obliges de recourir ſouvent eſt fon- 
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Annotat. 
— 


« d&e ſur ceci que pour avoir Feffẽt d'un Effort, il faut retrancher de 


« Peffet que cet Effort fait d'un cote, P'effẽt que ce meme Effort fait du 
% cõtẽ opposẽ: au lieu que nous diſons, que Peffẽt total eſt la ſomme de ces 
e deux Efféts. Nenn = 

In Engiifo thus Ve Difficulty which we have binted at, and to which the 
Defenders of the Opinion, that the Force is proportional to the Product of the Maſi 
by the Velocity, are oblig'd often th have recaurſe, is built upon this: vix. that to 
have the Effect of an Effort (that is, of a Stroke or Impulſion) they muſt take 
away from the Effet which that Effort makes on one Side, the Effect which that 
ſame Effort makes on the oppoſite Side: whereas we ſay, that the total Effect is the 
Sum of thoſe two Eels. | | 

Turan is juſt now come into my hands the third Edition of Profeſſor 
sGrave/ande's Mathematical Elements of Natural Philoſophy, &c. in the Pre- 
face of which he-gives an hiſtorical Account of the Diſpute concerning the 
Meaſure of the Force of Bodies in Motion; which Account, for the Reader's 
Information, and further ſhewing the different Meaning that has been given 
to the Word Force, I thought fit to inſert here. | 


Pace 24. of £Graveſande's Preface to the third Edition of his Mathematical 
{Elements of Natural Philoſophy, &c. printed at Leyden in 1742, and the following, 
Tur firſt Controverſy about this Meaſure, tho' indirect, was between 


Huygens and the Abbot Catalan, on occaſion of determining the Center of Of- 


cillation. | 
Whoever will examine Huygens's Demonſtrations in the fourth Part of his 

Book de Herotogio Oſcillalorio, and compare them with Catalan's Qbjections, 

will wr ſee that in that Controverſy the Meaſure of the Forces. is 


Tust two famous Men conſider the Caſe in which ſeveral Bodies zoin'd 


together, deſcending with the Force of Gravity alone, and then looſed from 


one another, are carried upwards by the Velocities which they have acquir'd, 


or ſuch Bodies as deſcend ſeparated, and aſcend together. Huygens, in conſi- 


dering this Caſe, reaſons from this Axiom, that Bodies cannet aſcend by the 
Action of Gravity; and demonſtrates, that the Sum of the Products oY _ 
| H 2 ö | Weight 


1 
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Weight of che ſeveral: Bodies, «multiplied by the Heights from which they 
fall, or to which they riſe,” is the ſame both beſore and after they are looſed; 
that is, when the Weights are ſeparate, he ſeeks the Sum of the Product of 
the Squares of the Velocities by the Maſſes. (27) Calalam on the contrary rea- 
ſons thus: If two equal Weights ſuſpended ſeparately from the fame Point, 
at unequal Diſtances] and rais' d to the fame horizontal Plane, which paſſes 
e thro* the Point of Suſpenſion, be ſo let fall as to deſcribe ſimilar Arcs 
« they will require ſuch Velocities, that their Squares will be one to another, 
e as the Heights when thoſe Weights deſcend. perpendicular to the Hori- 
&«& 2z0n.“ ine eren Wie nt 5 | FD 
„TEN, if theſe two-Weights'be join'd by a Line, or an inflexible Rod, 
©" the which we ſuppoſe without Weight, and being ſuſpended from the fame 
Point at the ſame Diſtances, they be let fall from the ſame Height as be- 
« fare; a Pendulum compounded of | theſe will acquire as much Veloci 
„ ty as the Sum of two ſimple Pendulums would do.” And then immediate- 
ly adds this Reaſon. -——'* Becaule the Separation of the Weights does not 
« change the Quantity of Motion.“ (28) oooh | | 
Huygens eaſily demonſtrated, that theſe Principles would lead to abſurd Con- 
ſequences. (29) For Catalan laid down with the reſt, that the Quantity of 
Motion was proportional to the Product of the Velocity by the Maſs, (which. 
Proportion the Tranſlation follows) but Huygens eaſily demonſtrated, that Ca- 
talan's Opinion that this Quantity did not change, was abſurd. As to the 
Quantity of Motion, he had already ſaid before, (40) what he demonſtrated 
afterwards, (31) in the Congreſs of perfectly elaſtick Bodies, (which he re- 
fer'd to Bodies perfectly hard) that the ſame Quantity of Motion was not pre- 
ſerv'd; but that the Sum of the Products of the Squares of the Velocities by 


the Maſſes was not chang'd by the Colliſion, that Sum being the ſame before, 


and after the Stroke: but afterwards he ſpoke more generally; when he ſaid 
in his laſt Anſwer to Catalan, That we muſt by nd means take for a Lam f Na. 
ture, that the ſame Quantity of Motion was prefered, unleſs what was ſpent and 


. conſum'd in ating on any Thing ; but that !his was a conſtant Law of Nature, that 


Bodies kept their aſcending Force, (Force aſcenſionelle) and therefore the Sum of 
the Squares of their Velocities always remain'd the ſame. (32) We ate to obſerve, 


. that this is underſtood of equal Maſſes, for Catalan had reduc'd the Queſtion 


to this Caſe, as we have ſeen. | | | 95 
Berokt this Controverſy was ended, another aroſe between Leibnitz andthe 
ſame Abbot Catalan. Huygens's laſt Differtation but one was/publiſh'd in the 
Year 1684, and the laſt, from which our Quotation is taken, was publiſn'd in 
1690. But in the Year 1686, Leibnitz inſerted a Paper in the Leipzic Acts of 
March, in which he ſubjoin'd theſe Words to the Demonſtration, which he had 
given, and in which the Heights from which Bodies deſcend, and to which they 
aſcend, are treated of. Hence it appears how the Force is to be eſtimated from 
« the Quantity of the Effets, which it is able to produce; for Example, from the 
« Height to which it can raiſe a beavy Body of given Magnitude and Kind, ard 
« not from the Velocity which it can give to @ Body. . .' . Therefore we muſt ſay, 
* that the Forces are in 'a compound Ratio of the Bodies and the Heights, from 
£1 © cohich 
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« which falling, they" could acquire ſuch Velbcilies. . . Whenct have riſen Annotat. 
« ſeveral Error... . Whence alſo, I imagine, that it happens, that Huy- Lect. VI. 
« cens's Rule concerning the Center of Oſcillation of Pendulums, which is ver. 
« true, has of late been call*d in-queſtion' by ſome learned Men.“ dee v0 
 Tm1s agrees well enough with the Words of Hagens which we have quoted, 
and which, tho* they were-publiſh'd after what we have quoted from Leibnilx, 
only explain thöſe Things, which are really contain'd in Huygens's former 
Writings. Something like this often happens; ſo thoſe that go before ex- 1 
plain Things fo, that gothing remains for the Author of a new Invention to do, 
but to explain more diſtinctly, and declare in more expreſs Words, what ano- 
ther has only hinted at more obſcurely. I. do not deny but that Leibnitz is to 
be eſteem'd the Author of this Meaſure of Forces, which he explains in the 
Words which we have quoted from him; bur I dare ſay, that Huygens led him 
to it. | REI. | 
Catalan; (33) and afterwards Papin, (34) anſwer'd Leibnitz': Leibnitz re- 
plied again, and ſeveral Papers were written upon the Subject. (35) Then 
many. others conlidered the fame Queſtion, 4.8713 date 
Tunis is what is treated of in the 2d and 3d Chapters of the ſecond Book 
of this Work ; I have added many new Experiments to thoſe which I had 
given in the foregoing Edition. I do not contend about Words; but 1 have 
undertaken to prove and make out, by dire& Experiments, theſe two Things, 
viz. That Velocity is mot communicated to a Body at reſt, but-by an Attion which 
muſt be as the Produ# of the Maſs into the Square of the Velocity. And that the Body 
mov" d never loſes its whole Velocity, unleſs it overcemes'the Refiſtance ; that is, unleſs 
it produces an Effe, which fellows the ſaid Ratio, We mean here the entice: 
Action and that alone, which is ſpent in moving the Body: and the entire 
Effect, and that only, which the Body produces whilſt it loſes its Motion. He 
that denies theſe Propoſitions, denies what is evident to Sight : And he that 
agrees to them, and yet affirms that they follow from the Meaſure of Forces 
before receiv'd; I do not diſpute with him: I call Force that Power of acting 
in a Body, which muſt be meaſur'd by its whole Effect, Sc vil 
Now to ſhew how eaſy it is to reconcile the new and old Opinion, I will 
not ſuppreſs what I wrote in Defence of the old Opinion, before I was aware 
that the Word Force was equivocal; but only join'd the Word Momentum with 
the Word Force, to ſhew that we hold them as ſynonymous, and I do not doubr. 
but the Favourers of the new Opinion will acquieſce in what I have alledged; 
conſidering Force as Momentum or Preſſure, in the Senſe which they give this 
laſt Word, as may be ſeen from N x23. to N 46. of the laſt Edition of 
Mr. Gra veſande's Book above- mentioned. Þ | I ö 
Here follows my Note as I firſt intended it. "44246 
Mr. Profeſſor / Graveſande, who had been formerly of the old Opinion, 
did (about 15 Years ago) come into the new Opinion; but not without hav- 
ing tried many Experiments with great Accuracy. What he ſeems to lay the 
greateſt Streſs on, is, that Balls of Braſs; or any other ſolid Subſtance, falling 
into ſoft Clay, make Pits in the Clay proportional to the Square of the Velocity 
with which they ſtrike the Clay: the fame Experiments" allo ys 
CONIC 
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conick and cylindrick Bodiea coming ing upon the Clay in ſeveral Directions, in 
all which Experiments, the Pits made in the Clay were proportionable to the 
Maſs multiplied into the Square of the Velocity; that is, the Maſs remaining 
the ſame; to the Square of the Velocity. And therefore the Profeſſor made 


it a Rule, that the Force of the moving Body muſt be as the Square of its 


Velocity; becauſe the Pits were in that Proportion. When he came to con- 
ſider afreſh the Phænomena of the Congreſs of ſoft Bodies, he found, by his 
way of meaſuring the Force of Bodies in motion, that the Rule generally held 
as an Axiom, (and which has been demonſtrated by ſeveral learned Men) viz. 
that in the Congreſs of Bodies, there is the ſame Force dr Momentum before 
and after the Stroke, towards the ſame Paris, could not be true, but that there 
muſt always be Motion loſt in the Stroke by the denting in of ſoft Bodies: 
whereas, to make uſe of the old Opinion, which gave the ſame Quantity of 
Motion after the Stroke as before, was to negle& an evident Phenomenon, 
and admit a viſible Effect, (the denting in of the Bodies) without believing that 
any Part of the Cauſe was loſt in producing it: Theſe Reaſons at firſt appear'd 
to me ſo probable, that I was almoſt ready to quit the old Opinion; but as I 
could not eaſily give up what was become an Axiom, or what I had held as 
ſuch for many Years, and conſider'd as a Truth built on Demonſtration, I was 
reſoly'd to ſuſpend my Judgment till I could examine every thing a-new : and 
now that I have done ſo, I am ſatisfied that here is no Force or Momentum loſt 
in denting in of ſoft Bodies; and therefore, that the old Opinion ſtands 2 if 
I can make this plain, I ſhall reſcue the Doctrine of the Congreſs of Bodies 
from all thoſe Paradoxies and Difficulties, which the Explanation of it, accord» 
ing to the new Opinion, is perplex'd with, | 
Ir has been the Cuſtom of Philoſophers that have wrote on the Congreſs of 
Bodies, to reaſon upon Bodies perfectly hard, (tho' there be no ſuch Badies) 
becauſe thoſe Bodies can have no Elaſticity, and then to conſider how elaſtick 
Bodies muſt differ from them; and, in order to reduce the Doctrine to Ex- 
periments, very ſoft Bodies have been made to ſtrike each other in variety of 
Directions, and with equal and unequal Quantities of Matter, For it was 
thought, that perfectly ſoft Bodies in their Congreſs muſt have the ſame Phæ- 
nomena, as 9%, > hk and Velocity, as perfectly hard ones; becauſe, xot-410 
be dented at all, or to be dented, and not have the Figure of the Bodies at all re. 
fler'd in the Shock of Bodies, was look'd upon as the ſame thing in reſpe& of 
the Motion of the Bodies after the Stroke, which then would be conſider'd 
as certain Maſſes of Matter without any Elaſticity, in order to ſhew how the 
Congreſs of ſuch Bodies would differ from that of Maſſes of Matter endued 
with Elaſticity: Now, tho' the ſofteſt Bodies we can get, as ſoft Clay Balls; 
cannot be wholly void of Elaſticity, becauſe of ſome Air that will always be in 
them; yet ſince that ſmall Degree of Elaſticity may be eaſily allow'd for, it 
was thought ſufficient to make uſe of them only in Experiments, (as we have 
no Bodies that approach to perfect Hardneſs) in order to ſettle Rules for the 
Congreſs of Bodies without Elaſticity. So it is agreed on all hands to make 
uſe of Bodies as elaſtic as we can get them, (ſince none are perfectly elaſtick) 
for ſettling Rules for the Congreſs of Bodies perfectly elaſtick, · having made 
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Alowanees for the want of perfect Elaſticity The Favobrers of the Annotat. 
new 7 — ſay, that we ought not to reaſon upon perfectly hard Bodies, be- Left. VI. 
cauſe there are no ſuch in the World. I can't blame them for not reaſon ing 
vpon them themſelves, becauſe Conſequences drawn from them, are contraty 
to the new Opinion : But it would be as unfair to debar us of that Privilege, 
as to ſay that the Science of Mathematics cannot be true, or muſt not be ap- 
plied to Phyſicks; becauſe Mathematicians reaſon about Points, Lines, and 
Surfaces, and ſuch penetrable Solids, as do not exiſt in Nature. 
Now allowing me with many Philoſophers to fuppoſe Aroms, or firſt Parti- 
cles of Matter, out of which all compound Bodies are made, to be perfectly 
hard; I only beg leave to reaſon, and draw Conſequences from them. | 


Plate 6. Fig. 6. * Ws „ 

Ler us ſuppoſe an Atom, or perfectly hard ſmall Body A, to move in the 
Direction AB, with the Velocity 12; its Momentum (or the Meaſure of irs 
Force, according to the old Opinion) will be 12, which (by the Irertia or In- 
activity of Matter) will ſtill continue the ſame, unleſs a contrary Force ſhould 
deſtroy it. Now let us alſo ſuppoſe any Number of Atoms, of ſmall hard 
Bodies, having each the fame Maſs or Weight as A, (which Weight we 
will call 1) to be placed before one another in the right Line AB. (Here 
we are to take notice, that we have no Elafticity nor Softneſs to conſider, only 
the Quantity of Matter.) A ia its Motion will take along with it the Atom 
4 and dividing its Velocity with it, (the Maſs being now doubled) will 80 
on towards B with the Velocity 6, the ſame Force remaining after the Stroke 
as before, becauſe there has been no denting in of a ſoft or an elaſtick Body 
to deſtroy any of the Force, (even according to what out Adverſaries alledge) 
the Velocity only becoming leſs. When theſe two Atoms have in their Mo- 
tion taken the third Atom & along with them, the Velocity becomes 4; when 
c 18 overtaken and carried along, the Velocity will be but 3, and ſo on : the 
Velocity diminiſhing in proportion as the Quantity of Matter is increaſed, as 
is denoted by the Numbers written under the Bodies.” This comes to t 
ſame as if the 14 Atoms, being collected into one Body, were catfied along 
by one Blow of A; after which we ſhould have the ſame Momentum or 
Force as before the Stroke or Strokes, expreſs d at every Stroke by the fame - 

Product, tho” different Factors; for 12 x by 1, is equal to 2 x6=3 x 4, Ct. 
quite to 15 x 22, and ſoon. If the Bodies a, , c, d, Sc. had any Velocity 
towards A, then indeed they would by a contrary Force or Momentum deſtroy 
Force in the Body A: but Mice before the Stroke there is no Force or Mo- 
mentum towards A, there is no Force deftroy'd in the Body A. The Velocity 
indeed is continually decreafing, as the Maſs in motion is continually increafing 
by the Addition of Matter, the firft Momentum or Force remaining the ſame. 
Hence it follows, that a Body infinitely ſmall with a given Velocity will move a 
Body infinitely great, on which it impinges, with an infinitely ſmall Velocity. 

From what has been faid it appears, that in reſpe& to the Quantity of 
Motion towards B, it will be the ſame thing whether the Body carries all 
the Bodies a, 5, r, d, Er. by fourteen ſucceſſive Strokes, or by —_— 

Stroke. 
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Annotat. Stroke, if they touch'd one another before the Stroke; becauſe the ſame Quan- 


* 
7 * 


Plate 6. 


Fig. 7. 


P'ate 6. 
Fig. 8. 


Plate 6. 
Fig. 9. 


7 Le&..VI. tity of Matter is to be carried by A, whoſe Force or Momentum bas been ſup- 


oſed 12; whether that Matter be taken at once, or at ſeveral ſucceſſive times. 
What would happen worth Notice would be this, that if you call one Body 
(or a Syſtem of Bodies) the Atoms 4, , c, d, Sc. and their Pores or Inter- 
vals, the Spaces 4 5b, Ic, cd, .&c, the ſucceſſive Stroke will cloſe. thoſe In- 
tervals, and reduce that compound Body from the Poſition in Figure 6. to 
the Poſition in Figure 7. where the Space between. @ and o is ſhorter than it 


was before. If the Bodies had been at firſt-in the Poſition of this laſt Figure, 


that is, without Interſtices, the whole would have been a perfectly hard Body, 
in which caſe one Stroke of A had been ſufficient, becauſe all the Matter 
would have been taken at once. | | 
Now let us ſuppoſe the Atoms 2 b, z, d, Sc. (any Number of Atoms will 
do, but here, we will only ſuppoſe 14, that the ſame Numbers may ſerve in 
our Explanation). made up into a Sphere without Tenacity ; which, if they 
could poſſibly hold together without Tenacity, would make a perfectly ſolid 
Sphere: And let us ſuppoſe the Atom A, without any Alteration in its Quan- 
tity. of Matter, tur\'d to a vertical Plane A C (lee Fig. 8.) ſtill moving with 
the Velocity 12, againſt the Sphere S made up of the aforeſaid Atoms. As 
Joon as A C e a the moſt prominent Atom à, it will carty it along to- 
wards. B, and their common Velocity will be 6; then taking the Atom 5, 
the common Velocity will be 4 ; taking the Atom c, the common Velocity 
will be z; taking the Atom d, the Velocity will be 273 taking the Atom 
e, the Velocity will be 2; and fo on, till AC being come to the Place D E, 
all che Atoms are brought into the Poſition, DE, and have the common Ve- 
locity of 13. For as here we have ſuppoſed, no Tenacity, no Force or Momen- 
tum will be loſt, in bringing the Atoms into this Situation, there being on- 
ly ſo much Matter carried along, and the Velocity diminiſhed in Propor- 
tion as it is diſtributed to ſo many more Atoms: and as we have ſuppoſed 
no Tenacity, we could ſuppoſe no Friction of the Patticles among them- 
: Ives. AS TO | . 17 15 M 4001 1 63-40 D990 £5 
A Now again, let us ſuppoſe our Atoms to have Tenacity enough to make 
them hold together, ſo as to form a ſoſt Sphere (tor what ate very ſoft, Bo- 
dies but an Aſſemblage of hard firſt Particles or Atoms, that have juſt Te- 
nacity enough to hold them together?) and let the Atom A (now the Body 
AC in its Motion towards B (Zig. 9.) come upon the Sphere S; it will be- 
gin to catry the Atom à along with it with the Velocity 6; but it will not 
continue to have that Velocity till it touches 5, becauſe the Atom a by 
its Teqacity will take hold of , c, and d, fo as to have A C act upon them 
ſooner than it would have done otherwiſe: the Atoms 6, c, and d, likewiſe 
by their Lenacity bring the Parts which they touch into the Power of the 
Action of the percuijent Body: fo that long before all the Atoms are come 
into the fame. Plane, as at DE (Fig. 8.) all the Matter is put into motion, 
the Sphere being flatten'd at the Paris oppoſite to B. For it is evident, that 
if in the Beginning of the Motion of the Sphere by the Shock of A B, the 
Particles, 4, C, c, d, Cc. have more Velocity towards B, than the Particles at 
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n, o, the Sphere muſt be. preſs'd in, dented or flatten d at DE; which Ac- 4 uae 
tion of yielding in will ceaſe, as ſoon as the Force AC in motion is com- ect. VI. 
municated to all the Parts. So that here the Tenacity is only the means 
whereby all the Particles are ſooner made to receive the Force, or Momentum Pate 6. | 
of AC, than if there had been no Tenacity: at all; for without Tenacity, all Fig. 9. 
the Particles would not have Motion communicated to them till AC was x 
come to FG. When the Tenacity is greater, the Body ſtricken in the Con- 
greſs is leſs dented in, becauſe all the Matter is ſooner put into motion. If 
the T enacity was-infinitely great, and conſequently not to be overcome, the 
Motion wou'd be communicated in an Inſtant to the whole Sphere; that is, 
as ſoon as A C had touch'd the Particle 4: for in ſuch a Caſe, whether the 
Sphere has many or few Pores, the inſuperable Contact of the Particles makes 
the Atoms at u, o Sc. . moye; as. ſoon as thoſe at a, b, Sc. Such a Body 
wou'd be a perfectly hard Body, concerning which I hope my Reader is ſa- 
tisfy'd,by this time that it is fair to reaſon ; as well as concerning perfectly 
loft Bodies, which no more exiſt in Nature than perfectly hard ones. All the 
Bodies that do exiſt, and which we make uſe of in Experiments, are more or 
leſs ſoft according to their greater or leſs Tenacities. [give 

Taz fame: Reaſoning that we have uſed for explaing the denting im of a 
ſoft Body ſtruck by one overtaking it, will ſerve to explain the Cauſe of the 
denting in of +a percutient ſoft Body; for as the antecedent; Parts of it ſtrike 
the Body they come againſt, ſooner than the conſequent (or hinder) Parts of 
the Body do, their Velocity diminiſhes ſooner, and continues diminiſhing till 
all the Parts of the pereutient Body come to act on the Body which they 
ſtrike: And what elſe will the Diminution of the Velocity of the anterior 
Parts of a moving Body faſter than the poſterior Parts of it do, but produce 
a Change of Figure,, which is the denting in of the ſtriking Part of the 
Body? | PT. | EE 

1 ſhall ſay nothing here of the Congreſs of elaſtick Bodies; becauſe if 1 
have ſufficiently ſhewn, that the Phenomena of the Congreſs of ſoft Bodies 
can belt be explain'd according to the o/d Opinica; it will naturally follow that 
the Congrels of <laſtick Bodies muſt be explain'd by it. 

As I am now-entei'd into the Conſideration of the old and new Opinion 
concerning the Meaſure of the Force of moving Bodies, and have promiſed 
in my firſt Volume to ſpake fully of it in the ſecond ; 1 ſhall here go on with 
it, by removing the ſtrongeſt Objections that were made againlt the Experi- 
ment of the flat Pendulum delcribed in my firſt Volume (ſee Page 394, and 
11. and Plate 24. Fig. 1.) becauſe I have heard of ſtronger Objections face. 
Laſt Year looking over ſome Papers, I found a Letter from that excellent and 
accurate Philoſopher, the Profeſfor Petrus van Muſchenbrotk, whole Objections 
taought to ſtrong that they very well deſerved Notice. Upon that I anſwer'd 
them in a Latin Letter that I wrote to him then: and as it is now agree- 
able to my preſent Purpoſe to ſay the ſame things that I ſaid in my Letter, 1 
ſhall here give a Tranſlation of fo much of that Letter as relates to the Que- 
tion in hand, tho' in ſome Places I only repeat ſome of the above Argu- 
— ments in other Words. = | 
Vor. II. 1 . 
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Ax order to call to mind my Experiment, open my Book (vol. 1.) and 


eaſt your Eyes upon. the firſt Figure of Plate 24. The flat Plate AB CD 


being ſuſpended by four Strings, and raiſed up from its loweſt Place to- 


Vor. I. Plate c wards #to Number 12, is ſuddenly let down to vibrate: mean time the 


24 Fig. J. 


Plate 6. 
Fig. 19. 


«6 


„Weight W is made to fall upon the Plate, while it is at che loweſt Place 
© of its Motion, or the Middle of its Vibration, and the Body compounded; 
of the Plate and Lead W, is carried to the Degree 6 towards F. The Rea- 
ſon why this double Maſs did not go to the Degree 8, 48 ＋ as it ought 
« to do according to your Opinion, you alledged was the Friction; your 
Words are theſe: It yours be the right Eſtimation of 1he Forces, whence does 
« it happen that the Maſs goes quite up to the 6th Degree? Has Friction no- 
# thing to-do here? Here is an evident Cauſe, where is the Effet] | How little 
e ſoever this Cauſe may be, it ſbou d take away ſomething viſible from the Ve- 
„ locity 6. I confeſs that this Objection put me to a ſtand at firſt ; but 
„% having conſider'd the thing well, I anſwer, That there is no Friction at all 
„in this Caſe: and that the Cauſe being taken away, there can be no Effect 
produced. You'll certainly wonder at what I fay! But read patiently 
„ while I explain this Paradox in a few Words. By the Threads pp pp 
« (Plate 6. Fig. 10.) let the above deſcribed Plat: ABCD weighing two 
« Pounds be ſuſpended, whoſe Under-fide has a Tooth or Semi- cylinder e, 
« whoſe Axis is pependicular to the Line AB. Let there be alſo a Paralle- 
« Jipiped RR of two Pound weight, having a-crols its Surface Teeth or ſe- 
% mi-cylindrical Eminences a; and let this Parallelipiped be immoveable 
„in its Placc. Now if the Plate be let down from the 12th Degree mark'd 
upon the graduated Arc that is ſet under its Vibration, the Tooth e meet- 
ing with the Teeth a, b, c, d, ſuffers a Reſiſtance, but overcomes it by the 
„ Force of the moving Plate, and this jumping of the Plate retarded b 
&. this Reſiſtance, is called us Fridlion. Now this Friction hinders the 
Plate from riſing up to 12 on the oppoſite Side. But if the Patallelipiped 
be made in another manner, having its Teeth moveable, and to go down 
4. into Cavities (ſuch as are mark'd by the Points in the Figure) only made 
to ſtand up a little abave the Surface à R by the Force of the Springs, 
6" Is, Ss, Is; & then if the Plate be let down from the 12th Degree 
« wnilſt it runs over the Surface # R, it will by its Tooth e ſuccefſivety puſh 
©, down the Teeth a, b, c, d, by which Reſiſtance being rerarded, it will not 
reach the 12th Degree of the graduated Arc. This is a Friction of another 
* kind. Neither is there any other Friction but of theſe two ſorts, both which 
are capable to tear away ſmall Parts from the Bodies rubbing ; for Bodies that 
run over the Surface of other Bodies, do either paſs over ſtiff Eminences by 
« jumping, or do depreſs elaſtick ones by the Force of their Motion, and loſe 
of theirown Motion in proportion to the Effect produced. You will eaſily fee 
that no ſuch thing happens in my Experiment, by ſuppoſing the following 
Experiment. Let the Parallelipiped aforeſaid be ſuſpended by Strings, ſo 
that it may eaſily vibrate in an Arc parallel and a little below the Axe in 
*< which the Plate vibrates. Now if che Plate be let down from the 12th De- 


'&. gree, its Tooth E talling againſt the Tooth A of the Parallelipiped will not 


jump 
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% jump over it or preſs it down,” but carry the Parallelipiped along with ir, Annotat. 
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and the Body compounded of the Plate and Parallelipiped, will only go 


Acceſſion of Matter to the firſt Maſs. Here 1 ſay nothing of the Stroke 
of the Body wo, when it falls on the Plate, (ſee Plate 24. Fig. 1. of my 
1{t Volume) becauſe I have there explain'd the Effect of ſuch a Blow; and 
alſo deſcribed how the Experiment is made without the falling of the Body 
W: But there I did not mention that I had wrapped round with wet 
Sheeps Leather the Weight W, that was to be taken hold of by the mo- 
ving Plate, leſt the Experiment ſhould be difturbed by the Elafticity of 
the Halt-Cylinder fix'd to the Plate. Now Jet us change this imaginary 
Friction into à Stroke made on a ſoft Body, in which Body it will cer. 
tainly be ſeen, as from its Point of reſt it is taken and carried along by 


Lett. VI. 
« forward to the th Degree. In this Cafe there is no Friction, but only a 


Plate 6. 


an upright Plate fix d perpendicularly to the vibrating Plate above men- 


tion'd'; the compound Maſs of the Plate and ſoft Body going to the De- 
gree 6, when che Plate before the Stroke came down from 12 on the other 
lide. | | 1 | 

« LeT PP be the Plate weighing 36 Ounces, wich its perpendicular 
Piece-V fix'd on purpoſe to ftrike the Body a BC made of ſoft Clay, hang- 
ing by the Thread 2, which Body likewiſe is of 35 Ounces: weight; (ſee 
Plate 6. Fig. 11.) now I ſay that the Plate falling from the aoth Degree, 
taken beyond E, will in its Motion take the Ball a BC along with ir, and 
rile up to 10 on the oppolite Side. This you alſ& agree to, but you aſk, 


. 


: Whether the Plate won't change the Figure ef the: ſuſpended Body, mate a 


Pit in it, and remove the Paris from one another, | Can that be done without 
& Loſs of Force and Motion in the Plate ? Les, that can be done without 
any Lois of Force ot Momentum in the whole Maſs, tho' there be a Loſs of 
Force in the Plate taken fingly 7 and that happens by a Tranflation of Ve- 
Jocity from che Plate into the Ball. And in the Congreſs of pendulons 
Bodies, there is always the ſame Quantity of Motion towards the ' fame 
Parts after the Stroke as before. This I know you don't believe; but 1 
hope to explain you this Paradox, if you will but for Argument fake ſup- 
pole our Rule to be true; for theſe Phenomena will be deduced from it. 

„Lr the Ball a BC be divided into three equal Parts a, B, C, and ſuſ- 
pended by the different Threads 1, 2, 3. Firſt, let only the Part a, of 12 
Ounces, be ſuſpended at reſt above O, the loweft Point of the Vibration 
then let the Plate fall from the Degree 29, and it will take along with it 


Plate 6. 
Fig. 11. 


the Clay a up to the Degree 15 for the Force of the falling Plate = 36 K» 


20 = 720, being divided by the Maſs 35 J r2'= 48, will give for its 


Quotient 74% = +35, If the Experiment be made by ſuſpending at the 
Point of ' Reſt the Parts & and h, whoſe Weight taken together is 24 


Oances, the Plate falling from 20 will carry the whole Maſs along with it 

to 12; for the Momentum 720 being divided by 36 + 24 60 will give 

12 for Quotient. Laſtly, che whole Ball- ſuſpended, and ſtruck by the 

Plate falling from the fame Height will go to the Degree 10, becauſe 36 + 

36 = 72, dividmg' 720," will give 7 Quotient = 0 No by the 
2 


© Tyertia 
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+Le&. VI. 
f % then the middle ones; and laſtly, the Parts that are the moſt remote. 
Now to the fuſt Parts as à does belong (or muſt! be communicated, ac- 


Plate 6. 


4. 5.0 * 
Fig. 11. N 


e muſt be equally diſtributed thro' the whole Maſs; that the Velocity may 


What is that Phænomenon elſe but a Change of Figure, eſpecially if we rea- 


then the Velocity will decreaſe in a Series, -whole greateſt Term is 20; 


& to the Matter ſucceſſively added to the moving Plate — Thus will 
e the Expreſſion: of the Velocities be 20 — 1, 20 — 2, 20 — 35 Ee. 
quite to 20 — 10 g 10. Here perhaps you will object, that I did 


„ municated to the whole added Maſs by the Blow, without any Change of 
Figure; for then the Body would be a perfectly hard Body, and the firſt 


'**\the three Parts of the Ball a, 6, c, ſuſpended all together at the ſame time, 


the Congreſs of two Balls of ſoft Clay. 1 haye already explain'd whenee 


4 Courſe of Experimental Philoſophy. 
e Tzertia of Matter in the Ball, or rather of the Parts whichi make up the 
45. Ball, the Plate cannot in one Moment of Time communicate Motion tb all 
„the Patks of the Ball, but takes along with it firſt the Parts next to it, and 


Z AE RC RUﬀ 


cording to our Rule) the Velocity tg to the middle Parts, as to the Part 
„ , the Velocity 12; and to che remoteſt Parts, as to the Part᷑ c, the Velo- 
„ city 10: for the Velocity 20 of the Plate is not diminiſh'd quite to the Velo- 
«City 10 befote all the Parts of the Ball are carried along: for the Motion 


« decreaſe in a reciprocal Ratio of the incteas'd Maſs; « Now if the Part @ 
„ comes towards F wich a greater Velocity than , and the Part 5 with a 
greater Velocity than the Patt c, as mult; happen by what has been ſaid; 
« ſon concerning a Globe divided into an infinite Number of Parts; and 


„“ and the leaſt 10, and the Decrements will be reciprocally proportional 


: 


* not conſider the Coheſion: or Tenacity. of the Particles: but now let us 
conſider it. If the Tenacity was infinite, then the Motion would be com- 


«. Particle would be ſo join'd with the laſt, that they would move together, 
e andi receive their Motion at the ſame Moment of Time. All that the Co- 
« heſion does, ſuch as it is, is only this, that thereby the Motion of the firſt 
Part is ſooner communicated to the ſecond; the Body as it were coming 
«nearer to Hardneſs without Elaſticity, 1 made the Experiment again with 


* but at a little diſtance from one another, and the Succeſs prov'd: the ſame, 
Then I made the Experiment in another manner, and initead of the Piece V. 
<« I fix'd to the Plate the hollow Half-Cylinder, (deſeribed in my Book, Vol. . 
& Plate 24. Fig. 1) and. inſtead of the Clay Ball, 18 Leaden Bullets fuſpended bv 
6 1 hreads, which Bullets all together weigh'd 36 Ounces; and the Experiment 
<« ſucceeded in the ſame manner. I alſo made the Experiment with a Plate, and 
the Bottom of the Lead, both poliſh'd ; in which Caſe, thÞPlate falling ſuc- 
s ceſſively from the Degrees 24. 20, 12, carried the Lead receiv'd at Bottom 
eto the oppoſite, Degrees 10, 12, 6. In the Experiment thus made there 
was only this Variation; namely, that when the Lead was not receiv'd in 
the middle of the Plate, or after its Reception lid a little, the Center of 
„Gravity of the Maſs was not in the middle; whence it happen'd that the 
+ Edge of the Plate, which was fartheſt from the Lead, did go a little be- 
« yond the Degree expected; but in recompence, that which, was neareſt the 
Lead came as much ſhort of the oppolite Degree. Now let us conſider 


comes 
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e eomes the Change of Figure in the Ball that was at reſt before the Stroke. Annotat. 
« ]n the pereutient ſoft Body the Change of Figure happens, becauſe its fore - Lect. VI. 
« part, Which in the Motion of the Ball before the dtroke had the ſame ve 
« Jocity as the hinder» Parts, is retarded at the Stroke in proportion to the cath 

« communicated Velocity, whilft the hinder Parts, by reaſon. of the Inertia 


« of Mattetꝗ (whereby Maitef in Motion endeavouts to perſevere in the ſame 


State) do mote flouly loſe the firſt Velocity: and a Body, whoſe fore: 
« Parts move flower than its hinder Parts cannot but change its Figure.“ 
hat follows in the Letter is much the ſame as ſaid at the Beginning of 
this Annotation; but at laſt I concluded with mentioning an Expetiment, 
which I think proper to relate here in the ſame Words, 

lx yet you have any. Doubt remaining concerning the Concluſions de- 
« duced from my Experiment above: mentioned, give me leave to detain you 
« {9 long, as to felateę to jou my laſt; Experiment. I do not doubt but that it 
« j5 agreed between us, that the perpendicular Stroke of the Body (falling on the 
« ſwinging flat Plate) does nothing towards retarding the horizontal Motion, 
«. if we conſider only the Stroke. For by the Compoſition of Motion which 
makes a Body, afted upon by tyo Forces, moye in che Diagonal of a Paral- 
« lclogram,; the thing is plain; as, I demonſtrated it in my Book. My laſt 
« Experiment, which I hope may be call'd an Experimentum Crucis, is as fok 
« lows. I dropp'd upon the vibrating Plate, which fell from the z0th Degree, 
a Ball of ſoft Clay of the fame Weight as the Plate at the loweſt Part ot the 
Vibration, and the compound Maſs went up exactly to the 10th Degree on 
« the other fide... Here the Change of Figure. in the Ball was made by the 
« Plate in a Line perpendicular to the Direction of the Motion of the Plate, 
which could do beg but affect the Strings by which the Plate hung, by 
< ſtretching them. For it, according to your Objection, the Change of Figure 
ein the horizontal Stroke retarded the horizontal Motion; here the Force, or 
« Momentum, diminiſh'd by no ſuch Impediment, muſt have carried the whole 
+ Maſs beyond. 10, (according to the new Opinion) which never happen'd.“ 

NoTwiTHSTANDING what I. have ſaid is true; it is eaſy to reconcile this. 
Phænomenon to the new Opinion, both by a further Experiment on'this, Ma- 
chine, and by Reatoning, CN? 5 


Experiment I. Plate 6. Fig, 11. 

Ler us ſuppoſe at one End of the flat Pendulum, that a Cone of Braſs is 
faſten'd, which, together with the upright Piece V, does not make the whole 
Machine PP V heavier than 3 1b. then raiſing this Pendulum up to Ne 20, 
on the graduated Arc, let it fall, ſo that when the Part M is over O, the 
Cone ſhall ſtrike againſt a Body of Clay made faſt in the Cavity of a Box fix d 
at g, and obſerve what Pit is made by meaſuring it. Suſpend the Clay Ball a, 
b,c, as before: ſo that PVP being again let fall from N“ 20. may tak 
the Clay Ball along with it, before the Cone ſtrikes into the Clay, (of whi 
another Part is expos'd to the Stroke) and you will find the Pit made by that 
ſecond Stroke to be only half of what the former Pit was. Hence it appears, 
that the ſame Momentum makes different Pits; but with different N 

| | taking 


62 . h. Experimental Philoſephy. 


Aandtat. taking Farce i in tha Senſe. of the new Opinion; in which Senſe, the Plate has 
Lect. VI. ſpent half its Force, (tho without any Loſs of Momentum, as we have am- 
— ly ſhewn) in taking along the Clay Ball, and the other Half in making the 
[ it in this ſecond Experiment; whereas it ſpear i Its whole Force i in no the 
| | | Pit in the firſt Experiment: 

N. B. I own I have not made theſe two laſt Eayjendinents, . big I 
have deduced from Meſſieurs £Graveſande's and Adnſcoenbreet's Ervin 
that they muſt certainly ſucceed in this manner. 

I 8HALL mention but one Experiment more in favour of the old Opinion, 
which ſeems liable to no PRI Objection. | 


| (3. 'Exeexruext Il. Plate y. Fig. 1. 


=. To the horizontal Board GG, ferew*d up to the Cieling of a Room, | fix'd 
| | fox ſmall Strings a C, Cd, c D 55 g Db, which Strings paſſing thro? four 
1 Plate 7. Eyes in the Studs C, C, D, D, held in an horizontal Poſition, at the Di- 
if Fig. 3. ſtance of 14 Foot below G G, the rwo Iron Cylinders A and B, one'of Which, 


11 B, is a little Gun having a Cavity or Bore at E, with a Touch-hole at H. 
1 and a Noſe to go into the other Cylinder at F, (as is repreſented in Fig. 3) 
b that when both the Cylinders are ſuſpended, they may hang together like one 
i Piece, becavſe the Diſtance AB, being greater than the Bilance 4 h of the 
| Strings above, the two Parts A and B are held together by their Weight, tho” 
the noſe of B goes fo eaſily into the Cavity of A, as to have no Stickage or 
Friction. The Part A may be ſeen at Figure'2, and the Part Bat Figure 3. 
A and B are exactly of the fame Weight; but upon Occaſion the Part B may 
be made twice 2s heavy as A, by flipping on the hollow Cylinder repreſented 
by Figure 4 over the Part B, the Hole or Cavity LM being big enough to 
flip over the Part B, whilſt the Slit LL ſuffers the Studs DD to pals by. 
N. B. The Ends A, B, and N, are made conical, to paſs thro* the Air in their 
Motion with more Facility. The Experiment to be made with this Machine 
is as follows : Fill the Cavity E of the Part B with Gun-powder, and prime 
it at H, (fre Fig. 3.) then having fer under the united Cylinders the gradvated 
Arc OP; fo that o Degrees may be under the Place where the Cylinders join, 
ſet fire to the Gun powder by means of a ſalt peter'd Thread led over H, and 
the Parts A and B will fly from each other towards O and P to equal Di- 
ſtances, as may be obſerv'd by the Degrees mark'd on the Arc or Scale OP. 
Care muſt be taken in fixing the Strings that the upper Ends of each String, 
as a and b, c and d, Sc. may be at leaſt arg or 10 Inches from each other, 
meaſur'd a-crofs the Board G G; beeauſe-otherwiſe A and B would not move 
both in the ſame Plane, and over the graduated Are below. When the Part 
LL VN is put on over B, and B is charged and fir'd, it reeedes but to half 
"IP, the Diſtance towards P that A does towards O; which ſhews that ſince the 
Powder in its Explotion acts equally on the two Parts, and gives them equal 
Forces or Momenta, the Forces or Momenta muſt be meaſur'd by muttiplymng 
the Bodies into their Velocity, Which here are reciprocally as the Maſſes; It is 
indeed difficult to charge the Cavity E ſo exactiy as ta make the Bodies recede 
as far i in one Experiment a5 in another; bur, whatever be the Foree bf the 
Exploſton, 
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Exploſion; Whether greater or leſs, A is always ſhot towards O twice as far as 
B (when L MN Lis added to it) is ſhot towards P. 


Tutxx is no calling in queſtion, that the Preſſure made by the Gunpowder, 
gives equal Momenta to unequal Quantities of Matter, by giving them Veloci - 
ties reciprocally proportionabſe to thoſe Quantities of Matter: neither is there 
any doubt (in favor of the new Opinion) that Pits made in Clay by the Bo- 
dies driven by the Gunpowder (ſuppoſing the Clay fix d at A aad B, Fig, 1.) 
will be to one another as i to 2, when the Bodies are as 2 to f; 2 with half 


the Velocity making only a P.t as 1, when 1 with the double Velocity will 


make a Pit as 2 This ſhews, that the Force may be double or half, when 

produc'd by a Body with the fame Momentum, when the Velocity differs. 
As I am now convinc'd that all the Phenomena of the Congreſs bf Bodies 

may be equally folv*d according to the Principles of the Defenders of the neu, 


63 


Anhotar. 
Le&. VI. 
— 


as well as thoſe of the old Opinion, 1 ſhall here give an Example of four Ex- 


periments, where all their Phenomena will be folv'd both ways. 
EXPERIMENT Ill, Plate 7. Fig. 5. 


SUSPEND two equal Clay Balls (for Example, weighing two Ounces each): 
by Strings from the ſame Height on the Machine for trying the Congreſs of 
Bodies. Then let the Body A be trais'd up from the loweſt Point, ſo. as to let 
it fall towards C with fix Degrees of Velocity, to ovettake the Body B: falling. 
the ſame way with two Degrees of Velocity; and the Stroke being made at the 
Bottom, they will both go on together with four Degrees of Velocity, as may 
be obſerv'd by their going up to Number 4. Now here before the Stroke, 
the Momentum of A being 12, and the Momentum of B being four, the 


Sum of the Momenta towards C is 16 which appears to be the ſame after the 


Stroke; for the Stroke does not diminiſh the Momentum, for the Reaſons. 
which I have alledged. | 


Bur, according to the new Opinion, the Force of A is 72, Which being 


added to 8, the Force of B, makes 80 for the whole Force: then after the 


Stroke, becauſe the two Bodies go on with the common Velocity 4, their 


Force muſt be 64, (4 * 4 2 * 2 = 64) Which, taken from 80, leaves 16 
for the Force loſt in denting the Bodies. | ENS BD {0 


ExTERINENT IV. Plate 7. Fig. 63 


Lr the Body A, with ſix Degrees of Velocity, go towards C, and the 
Body B go in a contrary Direction towards A, with two Degrees of Velocity: 
after he Stroke the Bodies will go on together towards C, with two Degrees 
of Velocity. 

Tus Momentum of A towards C is 12; from which ſubtracting 4, the 
Momentum of B towards C, there will only remain 8 for the Momentum of 
the Bo ies towards the ſame Parts. But fince the Velocity of the two Bodies 
wwards C is but 2 after the Stroke —it follows, that the Momentum is the 
lame, both before and aftet the Stroke. This agrees with the old Opinion, 
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Annorat. which ſays, ilie Force in the ſame before and after the Stroke, when Force is taken 


Lect. VI. as ſynonymous with Momentum. 


Eig. C. 


Plate 7. 
Fig. 7. 


Plate 7. 
Fig. 8. 


Bodies will go on with the Velocity 4. 


teſpective Velocity of the Bodies, which is the ſame in the Experiments ef 


and conſequently: its Square, which the denting in of the Bodies is propor- 


Caſe, whether they act in the ſame or in contrary Direftions, Whereas the 
Momenta are only gonſider'd as the Quantity of Motion towards the lame 


- 


-ACccurDING'to the.new/Opinion, the Force of A being 7a, is to be added 


to the Foro of B, which is 8, (notwithſtanding that B acts in a N 


rection) the Sum of the Forces being always taken, inſtead of the Difference, 
whatever be the Direction; and then the whole Force will be 80. After the 
Stroke, as the common Velocity of the Bodies is but 2, the Force left in them 
will be but 16; Which being taken from 80, leaves 64 for the Force ſpent in 


denting the Bodies. 40 


N. B. HRE it appears according to both Opinions, that in the Congreſs 
of equal unelaſtick Bodies, the common Velocity after the Stroke will be equal 
to half the Sum of the Velocities of the Bodies before the Stroke, if they go 


the ſame way; and half the Difference of the Velocities they had before the 


Stroke, if they go different Ways. And likewiſe, the Velocity after the Stroke 
will be equal to half the Velocity of the petcutient Body, it one of the Bodies 


was at reſt before the Stroke. 


| K#v ik nike ENT V. Plate 7 Tig. 7. | 

Le A ſet out with the Velocity 8, and ſtrike B, which is at reſt; and both 

Hr the Momentum before the Stroke wholly in one Body is 16; and 
the ſame after the Stroke, when both Bodies move, the Velocity decreaſing 
in proportion to the additional Quantity of Matter taken along by the Body 
in motion. 07181 f g. 12 | | 

ConsiDErinG this in the way of the new Opinion: The Force of A be- 
fote- the Stroke\is 128: but after the Stroke it is only 64, as the two Bo- 
dies go together. From whence it follows, that the Force ſpent in denting 
the Bodies muſt be 64. If we compare this with the Experiment of Figure 6, 
we ſhall have a Paradox, or ſeeming Contradiction; becauſe in this the 
whole Force, as 80, produces as great a Shock; that is, the ſame denting in 
of the Bodies, as the Force 128 in Fig. 7. But this will be ſolv'd by conſi- 
dering that. the denting in of the Bodies is according to the Square of the 


Fig. 6. and Fig. 7. bot that ated 

Tris is confirm'd by the Experiment of Fig. 8. where the ſame Force is 
ſpent in denting in the Bodies, as in Fg. 1. viz. 16 Degrees of Force, tho 
before the Stroke the whole Force was 80 in the Experiment of Fig. 1. and 
only 32 in the Experiment of Fig. 8. But the reſpective Velocity was the ſame, 


tionable to! Bt 
| | CoROLLARY. | | 
Hxxes follows, that the whole Effect of the Forces is confider'd in every 


Parts; adding "them when the Bodies have the ſame Directions, arid fub- 


ſtracting the leaſt from the greater when they have contrary n 


— * 
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To ſer this Matter ſtill in a ckarer Light, 1 will here give by way of Ex. Ahnotat. 
emple what has been written by two Authors, the one in Defence of the Old Leck. vi. 
and the other in Defence of the New Opinion, with my own Remarks upon | 
each of them. The firſt is ſo much of a Manuſcript Paper of Mr. C:lin Mar. 
Laurin, (Proteffor of Mathematicks at Edinburgh) called a Treatiſe of Motion 
from Impulſe, as relates to the Meaſu+e of the Force of Bodies in motion, which, 
while we conſider the Word Force as an inſtantaneous Preſſure, and ſynonymous 
with Momentum, is unanſwerable in Befence of the Old Opinion. But I have 
taken the Liberty, by marginal Notes, to ſhew that all that he ſays may well 
be allow'd as true, without any way overthrowing or diſproving any thing of 
the New Opinion? provided Mr. s\Grave/ande's Explication of the Word Force 
(that is, the fame as many Authors on that Side have given for the Definition 
of it) be conſidered all along. | | : "RE 5 N 


This Paper was given me a few Years ago, by the late Mr. Charles, a 
Mathematician in London, who, at my deſire, begg'd Leave of the learned 
and ingenious Profeſſor that I might publiſh it, and acquainted me that 1 
might do ſo. | 1 | | | 


Mr. Profeffor Mac- Lavkin%s Diff:rearion'; that is, ſo much of it as con- 26 
cerns the M-aſure of the Forces of Bodies in Motion 3 


62. It was generally allowed, that the Forces of equal Bodies moving with 
different Celerities, were in the ſame Pioportion as theſe Celerities, till Mr. 
Leibnitz diſputed this about the Year 1686, and advanced, that the Forces of 
equal Bodies were in the Proportion of the Square of the Velocities T. He 
has of late been follow'd by ſome celebrated Philoſophers in ſeveral Parts of 
Europe, who have advanced for hs Doctrine ſome Reaſcnings and Experi- 
| ments more ingenious perhaps than thoſe he himſelf produced for it. As this. 
g is the Queſtion moſt diſputed on this Subject, we ſhall conſider it fully; and 
firſt propoſe the Arguments; which {em to demenſtrate the ancient Opinion, 


5 and then endtavour to conſider impar: ially what has been advanced againſt ic 
f by thoſe Authors. 3 5 

63. In the firſt place it has been univerſally allowed, that in the Collifon 
5 of Bodies, Action and Re- action are equa), and the Favourers of the new 
4 Opinion own that the Force gain'd in a Collifion by one Bedy, is loſt by the 
A other, and converſe] what is loſt by ane is.gain'd by the other. Let us there- 


fore examine which Meaſure will beſt agree with this Principle, and becauſe 
ſome of the Authors who ſtand for the new Opinion, refuſe to allow the Poſ- 
ſibility of the Exiſtence of hard Bodies, let us.examine it of thoſe that are per- 
teclly elaſtick. Some things we ſhall be obliged to ſuppoſe will be ſuch as are 
allow'd by both Sides. 5 | a 

Vor. II. K | | | 64. 

* NB. The Articles from the "Beginning ts fare abe 0 nut No Cz. - 
No. 61. are fereign to & Purpoſe, Td 1 * py bee tte Miſunderſtas ding, 20 
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Lect. VI. 
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Plate 7. \ % 
Fig. 5. 
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A Conrſe of Experimental Philofophy. 
64. Surrosz wich them that the Body A moves with a velocity V. and 
by the Intervention of Springs begins to act on the quieſcent equal Body B; 
then ſince the Springs add to B the Force which they ſubduct from A, what - 
ever Force is taken from A (Plate 7. Fig. 5.) ought. to be found accumu- 


lated to B: but it is certain that when the firſt Period of the Action of the 


Springs is over, that is, when they are brought to their greateſt Compreſſion, 
the Velocity of A is reduced to half of what it was at firſt, that is, to 4 V, 
and the Velocity of B being equal to that of A in this Moment of Time (the 
reſpective Velocity of the Bodies being then deſtroy'd) muſt be equal to the 
ſame. The Force of A, according to the new Opinion, was at firſt VV, 
and is now 4 VN EVS ZVV, and therefore the For.e which A bas loſt; 
muſt. be. 4+ V.V. .. The Body B has acquired a Velocity :; V, and therefore, ac- 
cording to their Meaſure, a Force + VV, which is but the third Part of what 
A has loft, viz. 1 VV. Therefore according to their Meaſure of Forces, Action 
and Re- action are not equal, ſince the Body B acquires but the third part of 
what A has loſt; whereas, according to what we cited from a learned Authot 
that maintains the new Opinion, [in Art. 47.] the Dirmaution or Augmenta- 
tion of the one, is the immediate Effect of the ſame of the other, and the Sum 
of the Forces ought not to ſuffer the leaſt Change from the mutual Actions 
of the Bodies, After the ſame, manner it may be ſhewn, that in any other 
Moment of Time during the Actions of the Bodies upon one another, the 


Force acquired by B, is leſs than the Force loſt by A, according to their Mea- 


ſure of Forces, till at length tne Action ceaſes, when according to either Mea- 
fure, the Force of B is found equal to the Force which A has loft “. 


- 65. Ir the Bodies be unequal, it will be found ſtill that the Force gained 
by B in any point of Time before the Action of the Bodies is over, is leſs 
than the Force loſt by A, according to their Meaſure of Force . 


If A bz 
leſs than B, it will be reflected backwards; bur there is a Moment in which 


the Force of A is deſtroy'd by the Action of the Springs, before they begin 
to imprint on it a Motion in a Direction contrary to that of its firſt Motion. 
In that Moment the whole firſt Force of A ought to be found in BY, and af- 
ter that Moment the Force of B, by the Action of the Springs ought ſtill to 


increaſe, and therefore become greater than the firft Force of A; but accord- 
| ing to the Meaſure of Forces which theſe Authors contend for, the Motion of 


B is always leſs than the firſt Force of A, even after the Action is over. Ac- 
cording to their Meaſure you muſt add tv the Force of B, that with which A 
is reflected, to make a Sum equal. to the firſt Force of Ar. _ 


This Reaſoning is not conclufive till the while they are ſtill bent. 
Springs have done ating; and then it will ſuit . Not in B alone, but in the Springs and B. 
both Opinions. The Velocity multiplied into 1 So you muſt; becauſe the Sum of all the 
the Maſs being as the Momentum, and the Actions in any Direction is their way of Mea. 
Square of the Velocity multiplied into the ſuring, call'd the whole Effect: which the old 
aſs being as the Force, Opinion only makes the Difference of Mo- 
+ Part of the Force loſt is in the Springs, menta, . 


— 


— 


A Courſe of Experimental Philoſophy.” 67 
66. Their Eſtimation of Forces therefore cannot be reconciled with the A nnotat. 
Equality of Action and Reaction, or with the Preſervation of the Sum of the Lect. VI. 
Forces meaſured in the ſame Direction, its plain Conſequence “. They in 
deed maintain the Preſervation of the ſame Quantity of abſolute Force; but Plate 7.. 
have given no Reaſon for it. They muſt underſtand Action and Reaction in*'& 5 
2 manner not yet explain'd to reconcile it with their Doctrine, and deduce from 
it the Preſervation of the abſolute Quantity of Motion in the Action of Bo- 
dies *. It will no doubt be denied by ſome, that the Springs add to B, all 
that they ſubduE from A; who will pretend that a Part of the Forte of A 
is employed in compreſſing the Springs, which is again reſtored to the Bodies 
on their expanding themſelves? It cannot be denied but that Force is al- 
ways required to compreſs Springs, and conſumed in doing it; but it appears 
very evident, that when Springs are compreſs'd, they muſt endeavour to ex- 
pand themſelves with a Force equal to that with which they are compreſs'd, and 
therefore whatever Force is employed in compreſſing them, and by the Re- 
ſiſtance of the Springs loſt ro A, in producing that Efect muft be commu- 
nicated to B, by the equal Action of the Springs upon it ]“. There is no- 
thing detracts from A, but the Reſiſtance of the Springs, and the equal Ac- 
tion of the Springs in the oppoſite Direction, muſt add as much to B in every 
Moment ++. To make this more plain, ſuppoſe the equal Bodies A and B 
to act on the Springs in oppoſite Directions with equal Forces, and they will 
compreſs the Springs, and by ſo doing, loſe their Forces in the ſame Degrees, 
till both their Motions be deftroy'd. Now in this Caſe, the Force of A com- 
preſſes the Springs, and the Springs acting on B, take from ig as much Force 
as A exerts upon them. The Force loſt by A at any time, may therefore 
be meaſured by the Force which is taken from B, or by the Compreſſion of 
the Springs from A to C; but it would be manifeſtly wrong to meaſure the 
Force which A loſes by both theſe Forces; for it would be to take it twice 
into the Account“. In the ſame manner the Force which A loſes [in the 
64th Article] may be meaſured by the Quantity of Force it has exerted, in 
compreſſing the Springs, or the Quantity of Force which the Springs have 


I to B; but it appears very unreaſonable to ſuppoſe it equal to 
t . Sy & 


67. I know no Principle more manifeſt that can be advanced concerning 
Motion, than that equal Preſſures or Impulſes in equal Times, muſt generate 
or deſtroy equal Forces ; certainly one who diſputes this, means ſomething by 
Force that has never yet been explain'd, and perhaps cannot. | 


Now I find that the preſent Vouchers of this new Doctrine allow, that two 
Bodies A and Bf, moving in WW with Velocities reciprocally 
HK. K 2 | pro- 


1 See the laſt Note. ++ Not every Moment, but before they have 
They are equal at the End of all the Ac - done acting. | 
tion; becauſe the Action takes up Time like » No, it is taking the whole Account. 
an abſolute Number equal to a Series. 1 They deny it, See /Grave/ande, 
= ſo it proves when they have done | 
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Tig. 8. 


Plate 8. 
Rg. 1. 


the Forces of the Bodies are deſtroy'd ſeparate them, it is allowed. that they 


are equal when the Velocities are reciprocally, as the Quantities of Matter in the 
Bodies; and therefore the Forces of Bodies muſt be eſtimated by the compounded. 


of Springs, or by any other Influence by a Velocity, as one in the Direction of, 


Ss d- 
ms 


_ * 
— * 


Dar their Quantities of Matter in acting on the Springs, exert equal 
ffects, and meet with equal Reſiſtance from theſe. Springs, and loſe theio 
Motion at once; than which I know not any Thing that can ſhew more evi. 
dently that cheſe Forces muſt be equal. In like manner, if the Springs after 


will generate in the ſame time in them Velocities reciprocally proportional. to 
their Quantities of Matter; it is alſo allowed that the Springs will exert equal. 
Efforts upon them“, f:om which it ſeems plainly to follow, that the Forces, 


Ratio of the Qvantities of Matter and the Velocities T. I know that theſe Au- 
thors infer from the Bodies meeting ane another in C, (fo that A only de- 
ſcribes the Line CA, and compreſſes only the Springs from A to. C, while B. 
deſcribes the Line CB, and compreſſes all the Springs from C to B) that 
their Forces muſt be in the Proportion of CA to C B. But I know no Reaſon, 
that ever was given for meaſuring the Forces by the Number of Springs that 
act upon Bodies, rather than the Efforts which it is allow'd theſe Springs ex- 
ert l. But of this afterwards. I ſhall only obſerve at preſent, that in Philo- 
ny it muſt be allow'd that a Force is equal to the Sum of all the Impulſes or, 
Efforts that are employ'd to generate it, as in Geometry, That the Whole is 
equal to all the Parts, ſince it is the Accumulation. of theſe Efforts conſtitutes, 
the Force of the Body. | | | 


68. In the next Place, the new Doctrine is inconſiſtent. with the Prin: 
ciples efſtabliſh'd., For if the Meaſure of Forces which theſe Authors. 
would eſtabliſh is juſt, the Actions of Bodies muſt be very different in a. 
Space that is mov'd with an- uniform Motion forwards, and in a Space. 
that is at reſt. Let the Space EFG H move with a Velocity as one in the 
Direction EF, and ſuppoſe the Body A to be moved in the Space by, means, 


the Motion of the Space, ſo, that its Velocity in abſolute Spate may be as, 
two. The Action of the Springs raiſe (according to the new Opinion) the 
Meaſure of the Force of A from 1 to 4, theſe being the Squares of the; 
Velocities which are as 1 to 2. The Springs therefore add to the Body a. 
Force as 3; whereas had the Space been at reſt, the Springs had imprinted 
on the Body a Velocity as 1, and a Force as 1. alſo, It is plain there- 
fore that the ſame Springs or Agents.exerting the ſame Force do not. act +, 
in the ſame manner on the Body A, when the Space is at reſt, as when it is 
carried on with an uniform Motion, if their Doctrine is true; and yet this 


7 


The Author of the Diſcouxſe ſur le Moude- 
ment, cited above, begins the State of this Caſe 
thus: Suppoſont deux Corps en repos A N B, entre 
les quels eft un Refſort bande C, qui commengant a 
k. debander fuſſe un Effort de pari & d'antre pour ci 
Eloigner Pun de Pautre les Corps A B. | 


T They deny it, See ;Grave/ange,. 


— — 


|. Their Definition is, bat the Eoree js 


equal 


dox prov'd by Experiment, 


to the Number of Springs that can be bent. 


3} When by Force is meant Momentum, 
tt It does act in the ſame manner, produ- 
ng the ſame Velocity; whence ariſes a Pata: 


"WF E 
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has been univerſally receiv'd, and is one of the Hypotheſes laid down byQd Annotat. 
learned Author of be Diſcowſe on Motion, who ſpeaks thus on this Subje&* I. ect. VI. 
La Force du Choc, ou de “Action des Corps, les uns ſur les autres depend 
uniquement de leuts Viteſſes reſpectives. From thenee he infers, it muſt 
be the ſame in a Space that is at reſt, as in a Space moved with an uniform 
Motion in any Direction . It is from this Principle, and not from his Eſti- 
mation of the Forces of Bodies, that he deduces his Rules for determining the 
direct Colliſions of two Bodies in the next Chapter of his Diſcourſe; and it is 
for that Reaſon, that they agree with the Rules ve deduce from our Principle. 
He does not bring in the Meaſure of the Forces till afterwards. Now if the 
Force of the Stroke and Action of Bodies is the ſame in a Space at reſt as in a. 
Space mov*d- uniformly, how can the ſame Action produce on the ſame Body 
a Force as 3 in the one Cale, and as 1 only in the other 4? 


69. In general, if their Eſtimation of the Forces is juſt, the ſame Effort or 
Action will produce on the ſame Body a- different Force in a Space, when the 
Velocity with which this Space moves is different. If the Velocity of the Space is 
u, the Velocity imprinte&on the Body in the Space is #4 che Velocity of the 
Body in abfolute Space will be mn, and its Force mm+ 2m n+ #1, accord- 
ing to their Meaſure of Force. | Kit 

Tux Force added to the Body by the Action of the Springs upon it, is the 
Exceſs of this above mm; the Force with which the Body moves when it is at 
reſt in the Space; this Exceſs is 2 mn , which Quantity not only depends 
on u, the Velocity impreſs'd on the Body in the Space, but alſo on m, the 
Velocity with which. the Space itſelf moves; and varies. when. ꝝ is the ſame, 
if n vary |. e | 


70. Wren: I firſt propoſed-this. Argument ** againſt the new Doctrine, I 
ſuppoſed a Perſon aboard a Ship, and another on the Shore making equal 
Efforts, and throwing equal Bodies A and B in the Direction of the Motion of 
the Ship. I ſuppoſed that he on the Shore impreſs'd on the Body B a Velo- 
city, as 8, and inferr'd, that the Body muſt move in the Ship with an 'equat 
Velocity as 8, and in the Air (if the Ship be ſuppoſed to move with a Velocity 
as 2) with a Velocity as-8- + 2 = 10; The Force of the Body A before it 
receiv'd this new Impulſe was as 4, (its Velocity in the Ship being as 2) ac- 
cording, to- the new Doctrine, and ſince it ought to receive the ſame Augmen- 
tation from the ſame Effort as B, which receives a Force as 64, the Square of 
8, the whale Force of A in the Air ought to be 64 + 4 = 68. But fince its 

Velocity in the Air is 10, its Fotce-oughtto be 100, and not 64; from which 


| ] con- 
* It will appear hereafter, that. this is not L Ves; becauſe according to the new Opi- 
unlverſally true, c. nion, the total Effect (which they call the Mea 


+ In the Syſtem of Bodies among themſelves; ſure of the Force) is not proportional to the- 
but not when Bodies in the Syſtem act on Bo- Sum of the Squares of a, and - of x ; but to the 
dies out of it ; in which Cate the Velocity of Square of m +». _ £ 
the Syſtem itſelf is to be addedyto, or ſubſtrac- In the Piece that obtain'd the Prize in- 


ted from, the particular Velocity of the Body the Royal Academy of Sciences in 1724, 


— — 


Plate 8. 
Fig. 1. 


to produce equal Effects on both, this Doctrine muſt be rejected. 


in ſome degree affect its Motion. 


— 


— \ . 
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A Comſe of Experimental Philoſophy: 
| Siactuded; that this Meaſore-of Force could not be juſt. 1 ſuppoſed after- 
Lea. vi. w 


Fards, that theſe Bodies ſtruck invincible Obſtacles, one in the Ship, and the 
other on the Shore; and becauſe they ought to loſe equal Quantities of Force 
by theſe Strokes, and the Body B loſing the whole Velocity as 8, ought to 
loſe a Force as 64; the Body A loſing the fame Force, ought to be reduced 
from a Force as 100, (its Velocity in the Air being 10) to a. Force equal to 


100 — 64 = 36; whereas its Velocity is reduc'd to 2, and its Force cannot be 
more than 4, which again ſhews this Meaſure of Force cannot be juſt *, This 


is the ſame Argument I have given here; only, inſtead of a Perſon throwing 
the Bodies, I ſubſtitute Springs; becauſe an ingenious Author endeavours to 
ra ſe ſome Difficulties from the Re · action of the Perſon in the Ship, which may 
It might be eaſy to ſhew this cannot affect 
the Argument; but, to avoid needleſs Diſputes on this Subject, we have ſub- 
ſtituted the Springs, which do not appear liable to that Objection, eſpecially as 


we confider them in the following Article. 


71. Fox this Argument will have a new Force, by ſuppoſing the Springs 
plac'd in the Space acting on the equal Bodies A and B, and moving them 
with equal Forces in oppolite Directions. Reſuming the Suppoſitions in the 
68th Art. the Springs being ſuppoſed to add to A a Velocity as 1, muſt ſub- 
duct from B an equal Velecity; and ſince the Velocity of the Space, and all 
contained in it was 1, the Body B will be abſolutely at reſt, after the Springs 
have ſubducted from it its Velocity and Force, as 1. Now the ſame Springs 


by the ſame Action add to A a Force as 3, and ſubduct from B a Force that is 


only as one. Yet it is plain the Springs act equally on theſe equal Bodies. 
Here then it is evident that this new Doctrine is inconſiſtent with the plaineſt 
and cleareſt Ideas we can frame of Force, Action and Re- action. Thele Rea- 
fonings are ſimple and eaſy, and moſt fit for examining the fundamental 


Queſtion . 


72. In general, reſuming the Suppoſitions of the 6gth Art. the Springs add 
to A a Velocity as u, and ſubduct from B an equal Velocity. Therefore the 
total Velocity of A muſt be m+#, that which they leave to B muſt be m—n, 
the Square of theſe ate mm + 2 mn u, and ym —2 m1 + #n; the Force 
therefore added to A by the Action of the Springs is 2 * u + u, that ſub- 
ducted from B is 2 mn —n#; ſo that they add to A a Quantity of Force 
which exceeds that which they ſubduct from B by 2 un, if the new Doctrine 
could be true}. But as it is impoſſible they can act otherwiſe in this Caſe than 


EL 


There is no Paralogiſm in this, if we con- 
ſider that thoſe of the new 9 meaſure the 
Force by the Square of the Velocity, however 


The Effect is as the Square of the total 
2 however produc'd. See the laſt 
Jote. 


+ No; fince all that the Springs do, is to en- 
creaſe the Velocity from 1 to 2; and bring che 
V-locity of the other to nothing. 


acquir'd ; and indeed allow that what one guns 
in Velocity the other loſes it ; but not till after 
the Springs have done acting. | 
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73. It does not add to the Argument, but may illuſtrate the Force of it, Annotat. 
to conſider, that according to this new Doctrine near 2000 times more Force Lect. VI. 
js added to the Motion of a Body projected directly Eaſt at the Equator, with.. 


a Velocity that makes it deſcribe a Mile in an Hour, than would be added to 
it if the Earth was at reſt; becauſe every Body, by the Motion of the Earth, 
deſctibes there near 1000 Miles in an Hour, and by ſuppoſing the Earth to 


move ſtil} more ſwiftly, a greater Force will be added in any Proportion, if 
this Doctrine is admitted, £7 254.6 A 


74. BzrorE we leave this Argument we have this to add, that a Body per- 
fectly elaſtick, A, moving with a Velocity as 101, and overtaking another 
equal Body B perfectly elaſtick, moving with a Velocity as 100, thoſe aſter the 
Stroke exchange Velocities, and the Body B receives an Augmentation of Ve- 


locity as 1, but an Augmentation of Force according to the new Doctrine equal Plate 8. 
to 101 X-104 — 100 10201 — 10000 = 201; whereas if the ſame F'g: 2. 


Body A, moving with a Velocity as 1, ſtrike B quieſcent, they will exchange 
Velocity, and B will receive an Augmentation of Force as 1 enly. Now in theſe 
two Caſes the reſpective Velocity is the ſame; that is, the Velocities with which 
they approach to each other, which in both Caſes is as 1, and by the Paſſage 
we cited from the fore-named Diſcgurſe, the Actions depend on the reſpective | 
Velocitiz-s *, and here ought to be the ſame; whereas the one produces an 
Augmentation of Force equal to 201, the other a Force as 1 only; the one 
ſubducts from A a Force as 201, and the other ſubducts a Force as one Þ. 


Iv general, according to their Opinion, the ſame Action in the ſame Bodies Plate 8. 
muſt produce different Effects, when that Velocity which is common to both is Fig. 3 


different, and an Action that ariſes from an exceeding ſmall reſpective Veloci- 
ty may produce a Force of any Quantity, tho! never ſo great. 


75. Wz now proceed to a new Source of Arguments, that ariſes from the 
Compoſition and Reſolution of Motion, which we ſhall conſider the mere 
fully, becauſe it is from the ſame S-urce, that a very learned Mathematician 
has drawn Arguments for the new Doctrine, capable, as he thinks, to con- 
vince thoſe that are moſt obſtinately attached to the common Opinion. Let 
us reſume the Suppoſitions of that Art. where we demonſtrated the Com- 


poſition of Motion. Only firſt ſuppoſe the Angle BAD to be an acute An- Plate 8. 
gle, and the Force A C will be compounded of two Forces AB and A D, Fig. + 


whoſe Sum, according to their Meaſure of Forces, is leſs than the Force AC, 
which they compound. For the Velocities being as the Lines AC, AB and 
AP, and the Square of A C exceeding the Sum of the Squares of AD and 
DC, or of AD and AB, by Prop. 11. Book 2. of Euclid, the two Forces 
in the Directions AD and A B muſt, according to the new Doctrine, com- 
pound a Force AC greater than their Sum. Now this appears againſt the 


cleareſt 


* This is not true in all Caſes. Meaſures of the Forces, according to the new 
1 The Change in the Bodies as to Velocity, Opinion, being (as has been faid) as the Square 
is the ſame in both Caſes, and ſo far propor- of the abſolute Velocities; no Wonder there 


tionable to the reſpective Velocitics; but the appears fo great a Difference. 
1 5 | 


— 


- j—vU—UU— — — — — — Wi — — — ———— — — . ——— P ——— — 
7 6 
— 


. * 
- 
: 
” 
— - 
p wh 2. 
* * | 
> 


= 
” 


— 


— 


A Coinje e Experimental Pliloſaphy. 


| Annetat,” cleareſt Evidence, and as abſord in Mechanicks as that two Quantities collec- 
 Le&. VI. ted together ſhould exceed their Sum ia Geometry. 
ro os 5 


2 Plate 8. 
Fig. 5. 


new Doctrine. 


3 76. It is ſo far from true, chat the Forces ＋ AB and A D can compoſe a 


Force greater than their Sum, that it muſt on the contrary be always leſs; for 
the Force AB and AD: muit always produce a leſs Effect in any other Di- 
rection, as A C, than in their own reſpective Directions. Let DM and BN 
bs 'pefpendicular on A C, the Force AD, eſtimated on the DireQien AC, is 
tound' to give A M for its Meaſure ; and AB eſtimated on the Direction 
AC, HERE 55 AN, as we ſhew'd above; and that theſe Quantities are 
jeſs than AD and A B, is obvious. It will appear ſtill more plain that A B 


and AD muſt compoſe in the Direction AC a Force leſs than their Sum, if 


you toinpleat the Parallelograms AMD K, and AN BL. For the Force 


AD may be conſiJer'd as compoſed of the Forces AM and A K, and the 
Force AB, as compounded of che Forces AN and A L, whereof the Parts 
AK and AL ate oppoſite and equal, and deſtroy each other; ſo that the 
whole Forces A and AB are not accumulated in the Direction A C, abut 
Only thrir Parts AM and AN, which together are equal to AC, becauſe 
AM = CN, the Triangles ADM and B C N being ſimilar and equal. 
Since therefore the Forces in the Directions AB and AD muſt compoſe a 


For. e in the Direction AC leſs than their Sum, and yet the Squares of AB 


end AD, taken together, ex. ed the Square of AC, it follows that theſe 
Forces are not to be mealured by the Squares of thoſe Lines, according to the 


2 | 3% | 
| 77, Tuts will be till more evident, by conſidering that it is allow'd on all 


ſides, that two Preſſures, or infinitely. ſmall Forces, (ſuch as ariſe from th: 


Weight of heavy Bodies acting in the Directions AB and AD, propor- 
tional to theſe Lines AB and AD) compound a Preſſure in the Direct on 
AC, chat is leſs than their Sum, or in the fame Proportion as A C is leſs than 


the Sum of AB and AD: fo that a Pr: ſſure at A is proportional to AC, and 


acting in the Direction CA, is able to ſuſtain them, and take away all their 
Effect. This is true, for the ſame Reaſon for which we ſhezw'd that the two 


I 


Forces in theſe Directions AB and AD compounded a Force in the Ditec- 


tion A C leſs than their Sum, but equal to the Sum of AN and A M, the 
Meaſures of theſe Forces in the Direction A C. As Forces are compounded 
and reſolved in the ſame manner as Preſſures, which are only very ſmall 

, Forces, 


* To ſhew the true State of the Caſe; if by the Angle AB being acute, the Square of AC 
Forces the Profeſſor meant no more than Me- (which is the Force compounded) is. greater 


venta, (according to the old Opinion) then the than the Squares of AB and AD, the Sum of 
| Momenta expreſs d reſpectively by AD and what they call the compounding Forces, 


AB, and acting in thoſe Directions, will com- Here is to be obſerved, that by the Word 

ound a Momentum repreſented by, and in the Forces are only meant Mementa; and therefore 
Direction of, AC, which is leſs than the Sum what follows dces not affect the new Opinion; 
cf AD and AB: and yet no Abſurdity follows and yet confirms the old, according to the De- 


from the new Opinion, which (by meaſuring ſinition given of Force. in thoſe that have de- 


Forces, not by Momenta, but by the Square of fended it. - 7 
the Velocities) concludes, that on ac:ount of Rs 


8 


F 


x n 4 7 © nd I 8 n 7 
r 0M OS ET, 


. f 340) 1, TO OR 


i; 
; 
ww 
ff 
5 : 
2 
A 
x? 
2 
>, 
ys 
; 
2 
8. 
Ky 
_ 
a: 
_ 


T  GOMGO  CCT.,  O .o..TIÞ wuÞmmeaezi 


A Courſe of Experimental Philoſophy. 


Forces, and as Forces are produced by Preſſures ſumm'd up or accumulated Annotat. 
together, ſo it is evident the Reaſonings about them in this matter ought to Lect. VI. 
be the ſame *. Suppoſe that the elaſtick Body A receives its Force in the Direct’ 
tion AB, from the equal elaſtick Body H, and its Force in the Direction vow 8. 

A D from the equal elaſtick Body G at the ſame time. According to the Pa- K 


trons of the new Doctrine, the Forces are communicated to A by infinitely 
ſmall Degrees, or by an uninterrupted Succeſſion of Preſſures, and the whole 
Force+ communicated to A is the Sum of the Effeds of theſe Preſſures. 
Now in every Iaſtant the Preſſure, or infinitely ſmall Force imprinted on A, 
is leſs than the Sum of the Preſſures exerted. in that Inſtant by H and G, in 
Proportion as A C is. leſs than ABA P, cas is allow'd on all ſides. There- 
fore the Sum of all the Preſſures, or the Foree imprinted on A, muſt be leſs 
than the Sum of all the Preſſures, or the Sum of the Forces exerted by H and 
G in the ſame Proportion of A C:toAB+AD; that is, the Forces of 
A H and G muſt be as the Lines AC, AB, and AD, and not as their 
Squares. It is not poſſible to conceive that while the Force in A ariſes from 
the Accumulation of the Preſſutes, or infinitely ſmall Forces which it receives 
every Moment from the Actions of H and G, and each of theſe Preſſures, or 
infinitely. ſmall Preſſures, is leſs than the Sum of the Actions of H and G that 
produce them z yet the whole Force of A ſhould nevertheleſs exceed the Sum 
of the whole Actions or Forces of H and G. I ſpeak here of infinitely ſmall 


Forces, to comply as much as poſſible with the Stile of the Favourers of this 
new Opinion. | | | 


— 


78. As two Preſſures, Weights, or infinitely ſmall Forces in the Directions 
AB, A D, compound a Preſſure or Effort in the Direction AC leſs than their 
Sum, (becauſe ſome Parts of theſe Preſſures are oppoſite, and deſtroy each 
other) ſo this muſt hold while the elaſtick Bodies H and G are acting on A. 
In every Inſtant a Part of their Effect is deſtroyed in this Oppoſition, while 
the elaſtick Parts yield and reſtore to themſelves again from the Beginning of 
the Action to its 1 The Effect therefore produced upon A; muſt 
be Jeſs on this account, than if there was no ſuch Oppoſition ; that is, the 
whole || Force communicatzdggo A, muſt be leſs than the Sum of the Forces 
H and G. There can be few things ſaid concerning Forces and Preſſures, 
that can be more plain and evideat than this ſee ms to be. It ſeems very clear 
that a Force is equal to the Sum of the Preſſures, or infinitely ſmall Forces 
that are wholly employ'd in producing it, and that produce no other Effect 
but it; ** the Parts of Preſſure of H and G, that are as AN and MN, 
are thoſe which are totally employ'd in generating the Force of A, and have 
no other Effect but that Force only: While the Parts that are as BN and 


Tho' abe mean the ſame thing by Preſſures new Opinion. | 
and Forces, according to the old Opinion, they . . || This will be all right if the word Me- 
do not. See Grave/ande in ſeveral Places. mentum be Tubftituted inſtead of the word 

+ This ought to be call'd the whole e- Farce; but this will bring no Abſurdity on the 
mentum ; and it will be allow'd by thoſe of the new Opinion, Sc. 

Vol. II. - > a 
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Annotat. DM, or as AP and A Q: equal and oppoſite deſtroy each other's Effect, and 
Lect. V1, contribute no part towards the Force of A. The Force therefore imprinted 
onA in the Direction A C, is the ſame as if Preſſures equivalent to the Parts 


Plate 8. 


Fig. 5. 


of the Preſſures of H and G, that ate as A M and AN, were acting upon 
it only; and this Force muſt be to the whole Force of H and G, as ANT AM 


(A'=C) that expreſſes the Sum of the Preſſures, is to AB er AD, and 
not as the Squares of thoſe Lines. ee Sr ot Ye 
79. Tux firſt Action of H and G in the Direction AB and AD on the 
Body A, when they begin to compreſs its Parts, and puſh it in the Line 
AC, are Preſſures proportional to AB and A D, and generate in A an infi- 
nitely little Force, or Preſſure, proportional to the Diagonal AC, as the Au- 
thors on the other ſide of the Queſtion muſt themſelves” allow. The fol- 
lowing Actions obſerve the ſame Proportion. How can the Force of A there- 
fore become ever ſuperior, or even equal to the Sum of the Forces which H 
and G loſe in acting upon A, fince AC is always leſs than the Sum of 
AB and AD“. We nk ſuppoſed the Bodies elaſtic, and the Action to 
proceed by infinitely ſmall Degrees in conformity-to their favourite Principle, 
or Law of Continuity. But it you ſuppoſe the Bodies perfectly hard, and 
the Action to be begun and conſummated in a Moment, it will be evident, 
that in that Caſe the Actions can be eſtimated no other way, than as Pref. 
ſures in the ſame Directions are eſtimated by all Authors, The oppoſite 
Parts of the Forces AB and AD, which are A P, A Q deſtroy each 
other; and the Parts that remain, AN and A M, produce a Force equal to 


their Sum ACT. 1 


80. AccorDiNnG to the new Opinion, when the Angle BAD is a right 
Angle, the Forces as AB and AD generate in A in the Direction AC, a 
Force equal to their Sum. Suppoſe that Angle to become acute, and the 
fame Forces generate in A a Force greater than their Sum, and when the 
Angle BAD is infinitely acute, the ſame Forces generate a Force in A that 
exceeds their Sum as much as the Square of A B+ AD exceeds A Br + A De; 
fo thatif AB=AD, they will in that Caſe generate in A a Force double of 
their Sum, for then the Square of AB+ APD will be equal to the Square of 
2 AB; that is, to4 AB#; tho' the Forces that produce this, taken toge- 
ther, are equal to 2 A By only, according to their own Computation. How 


can they pretend therefore to build on the Principle, that Effects are propot- 


tional to their Cauſes, when a Cauſe in this Cafe produces an Effect of the 
ſame kind double of itſelf y ? | 


81. 


» his is allow'd to be true of the” Mo- || Becauſe a double Momentum may produce 


menta. a quadruple Effect, according to the new Opi- 
+ Here again ſubſtitute Momentum to the nion, if the Velocity is double. 
Word Force, and all will be right, 
3 


* 
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81. Ir appears, that when two Forces acting in different Directions com- Annota 
ound a third Force in a ne- Direction, this third Force cannot be equal to Lect. VI. 
the firſt two taken together, but to thoſe Parts of them only as are their 


Meaſure in that third Direction, the other Parts being oppoſite and equal, and 
deſtroying each other. This is eaſily underſtood to follow from the Principles 
of Motion, which require only that the ſame Quantity of Motion or Force“ 
ſnould be preſetved in the ſame Direction; and from this it follows, that 
when a Force is reſolved into two that compound it in their reſpective Direc- 
tions, their Sum muſt exceed the firſt Force: As this is objected to the com- 
mon Opinion, we ſhall endeavour to ſhew how it neceſſarily flows from the 
Principle of Motion. Riv 9} | 


$2. Sueposz the three Bodies A, B, and C, are equal toeach other, and Plate 8. 
perfectly eiaſtick. Suppoſe that A and B move in the Directions A C, BC, Fig. 6. 


perpendicular to each other, with equal Velocities, which we repreſent by the 
equal Lines AC and BC, and let A and B at the ſame time ſtrike C quieſcent 
directly; then ſhall A and B ſtop, and C move with a Motion compounded of 
the two, which it has receiv'd from A and B in the Direction FC D, which 
biſects the Angle AC B. Take CK and CL equal to AC and BC, and 
compleat the Square CK DL, and the Body C ſhall deſcribe the Diagonal 
CD in the ſame time that A and B would have deſcribed the Sides of the 
Square. In the firſt place, the Force with which the Body C moves muſt be 
lels than the Sum of the + Force A and B, becauſe theſe Forces, which are 
as AC and BC, may be reſolved each into two, viz. the firſt into the Forces 
A F and AM, the ſecond into the Forces BF and BN, whereof theſe in the 
Direction A F and BF deſtroy each other, and have no Effect on the Body C; 
the other two, which are each as FC, are accumulated in C, and conſtitute 
the Motion as CD=2 FC, which muſt be leſs than AC and BC. 


* THERE is another way whereby the Favourers of the new Doctrine Plate 8. 
think to prove their Aſſertion, by conſidering the Reſiſtance of Springs in Fig. 7- 


* the following manner. In order to prove that the Body D, (acted upon by 
* two Forces, whoſe Quantities and Directions are repreſented by the Lines 
D E and DF) going in the Diagonal Line DC, has a Force as the Square 
of its Velocity, (D C?) they alledge that a Spring fix'd at A will be bent 
„by the Body C coming from D with the Force E C, and afterwards the 
Body going to an equal Spring at B, that Spring will be bent with a Force 
« CB=F A. Conſequently that the Reſiſtance of the two Springs being 
equal to the Actions by which they are bent, (viz. EAxAB=DF x 
* DE) are the Meaſure of the Force of the Body moving in the Diagonal 
C, that is, as the Square of its Velocity. ; | 
Nov that the Sum of the Reſiſtances of the Springs are not the Meaſure? 
* of the Force of the Body bending them, will appear, if we conſider that 
their Reſiſtance may exceed 
| Ly 2 {N. B. 


* Theſe are not ſynonymous, tc, o + Provided no more is meant by Force than 
Mementum, c. 


3 
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N. B. A Leaf of Mr. Profeſſor Mac-Lauzin's Manuſcript being loſt, 1 
= buave here ſupplied what I. ſuppoſed was wanting. _ 
may exceed the whole Force of C, becauſe the one acts againſt the Body ob- 
liquely; and, beſides diminiſhing the Force of the Body, changes its Direc- 
tion. It is certain that the Spring A acts at Diſadvantage againſt the Motion 
of the Body, while the Spring at B acts directly againſt it, and employs its 
whole Reſiſtance in deſtroying its Motion. The Spring A has its. whole Ef. 
fect in that Direction in which it reſiſts, (viz. in the Direction CE, or FP) 
and has an Effect in that Direction equal to the Effect of the Spring B in the 


Direction B A, in which that Spring reſiſts. But the Spring A has not fo 


great an Effect in the Direction C D; for that is not the Direction in which it 
acts, but oblique to it. If the Spring A acted with the ſame Advantage as B, 
they would together produce a greater Effect than in the Situation they have in 
the Figure; and therefore the greateſt Reſiſtances which they are able to exert 
taken together, muſt exceed the Force of the Body C. Thus it appears that 
this Argument, inſtead of overthrowing our Doctrine, confirms it, and that 
they whe advanc'd it ſuppos'd theſe Forces to be equal; which, according to 
the known Principles of Mechanicks, are unequal. As in other Inftances they 
negle& the Conſideration of Time in reaſoning about the Forces of Bodies; ſo 
here we find that they have no regard to the Directions of Forces in eſtimating 
their Effects. If it is aſked what becomes of the Exceſs of the Force of the 
Spring A, above what is ſubdued from the Force C; it may be anſwer'd, 
that it is not without its Effect: for the Direction of the Body is chang'd from 
the Line D A into the Line A B, and no other Principle, either in Metaphy- 
ſicks or Mechanicks, teaches us that this Effect is to be neglected in comparing 
the Cauſe and Effects together on this Subject. On the contrary, there are 
many Inftances where a Force is employ'd in producing a Change in the Di- 
rection of Motion, only without either accelerating or retarding it. 

Tux Force that is ſufficient to carry a Body upwards in a Perpendicular to 
the Horizon, to a double Diſtance from the Center of the Earth, is equal to 
that which imprinted in an horizontal Direction would carry it in a Circle 
about the Earth for ever: and yet the firſt would overcome the Refiſtance 
ariſing from the Gravity of the Body for a certain Time only; whereas the 
other woul:| overcome that Reſiſtance for ever, without any Diminution of 
Motion. la the firſt Caſe, the Gravity of the Body would act directly againſt 
its Force; in the ſecond, it would act in a Line perpendicular to the Direction 
of the Motion of the Body. In the firſt Caſe, the Action of Gravity is entirely 
employ'd in conſuming the Force of the Body; in the other, in changing its 
Direction only. Thus tar Mr. Mac Laurin. 


WHAT has been written in defence of the new Opinion, in Oppoſition to 
the Favourers of the old, where the Author has carried the Matter farther 
than was ſuitable to the Nature of his Subject, is a Diſſertation by Frider. 
Milbelmus Stubner, who thought that Time might be taken in the Confidera-. 
tion of the Meaſure of Force, according to the new Opinion: but there the 
whole Effect ſhould be conſider'd, withouwany regard to Time.” _ 

*Aveiye, 


/ 
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1 Abelye, Engineer to the Commiſſioners for building of V minfter Bridge, Arinotar. 
has very well diſtinguiſhed upon that Subject; and ſhewn very plainly, where- Le&. VI. 


in Mr. Fred, Wilbel. Stubner has been miſtaken, in a Letter ſent to me in the 
Year 1735: which I take the liberty to publiſh here; becauſe I would omit 


nothing that may ſerve to clear up this Matter fully, that there may be no 
more Diſputes about it. | 


k 


To the Reverend Dr. J. T. DesacuLttas, LL. D. F. R. 8. 


h April the 15th 1735. 
Reverend SIR, 


] Have drawn up, according to your Deſire, an Account of Mr. Stub- 
ner's pretended Demonſtration of the new Opinion relating to the 
Forces of Bodies in Motion; and I have added, at the End, forme Re- 
marks, wherein I have laid open the Paralogiſm. I could have wifh'd 
it had been poſſible to have reduced it into a leſs Compaſs, which 1 found 
difficult to do without running the riſque of not being clear, or leaving 
out the ſeveral Quotations, to which the Reader muſt be referr'd, not 
only out of our Author's Differtation, but alſo out of Mr. Wolfius's Co 
mologia., Pleaſe to alter, and cotrect it, where you'll find it neceſſary; 
and diſpoſe of it, as you ſhall think moſt proper. Pleaſe to take notice 
that our Author having made uſe of the German Algebraical Notation, 
and that Notation being leſs known in England than the other, I have 
taken the liberty to alter it accordingly in the Quotations. 5 


An Account of a Latin Diſſertation, intitled 


FRIDER. VILELMI STUBNER,. A; M. ORD. PHILOS. LIPS. 
ADSSESS. REGIAE SOCIETATI SCIENTIARVM BORRUS- 
SICAE, QVAE BEROLINI FLORET ADSCRIPTI. DE- 
MONSTRATIO, VERAE MENSVRAE VIRIVM, MOTRI- 
CIVM VIVARVM, E LEGITIMIS PRINCIPIIS DYNAMI- 

CES LVCVLENTIVS EXPOSITIS, PETITA. 


8 That is, 
The Demonſtration of the true Meaſure of the Forces of Bodies in Motion, de- 


duced from the received Principles of the Dynamicks, and thoſe Principles 
more clearly explain d; by Fred. William Stübner, A. M. &c. Cc. Cc. 


To which are ſubjoin'd ſome Remarks, wherein is ſhe wn the Paralogiſmof 
this pretended Demonſtration. This Diſſertation containing 22 Pages in 
Quarto, ſmall Letter, beſides the Title - Page, and a Preface to the Reader, 
containing two Pages, was publiſhed aboutthebeginning of the Year 1734. 
the Date at the End of the Preface being Leipfick, x. Decemb. 1733. 1 


(hall 


(O—_— 
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Abaotat. ſhall tranſlate from the Author, not only all the material Part, but alſo 


Ie. VI. whatever may ſerve to explain, or give a full Idea of the Author's Rea- 
S—Y> ſonings; and leſt it ſhould be thought I might have given, any where, 


— 
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a Meaning to the Latin of this Author different from the true one, I 
have placed the Words of the” Text, -and of the Original Quotations, 
at the Bottom of the Page, that the Reader may have it in his Power 
to compare them. Our Author expreſſes himſelf in the Preface to 
the Reader as follows : KENT = 

% bave endeavour'd (as much as I could) to fallow, with the utmoſ} 
« rigour, the Method of the Mathematicians in my Reaſonings : being of 
„ opinion it would be the moſt acceptable ; ſince the Diſpute about Forces 
© 7s Subject intirely Mathematical.” | 

And a little further he adds, | | = 
% As the Reaſoning I have made uſe of, to eftabliſh the true Meaſure of 
Forces, ſeems the moſt natural that could be offered, and as the firſt 
«« Chapter of this Diſſertation (wherein the Principles of the Dynamichs, 
&* or Forces in general are delivered) contains nothing but Truths agreed on 
« by all Sides, 1 have premiſed it in this place, partly that the Reader may 
<« not be obliged io ſeek for the Proofs any where elſe, ſince be can have 
e them ready at his hands, and partly to uſe my Endeavours to illuſtrate, 
« or prove more evidently than what 1s generally done, thoſe Dynamick 
« Principles, tho' they can't be made more certain than they are. For 
« wobich Reaſon, I bope this Diſſertation will determine and end the Con- 
i troverſy about the Meaſure of Forces of Bodies in Motion, and bring 
« #9 our Opinion thoſe that thought otherwiſe.” | 

Tre Diſſertation itſelf is divided into two Chapters, in the firſt our 


Author delivers what thoſe Gentlemen, who eſpouſed Mr. Leibnitz's 


Opinion, as to the Meaſure of Forces, call the Principles of the Dyna- 
micks, or of Forces in general. I ſhall ſhew hereafter that the Forces 
By | | of 


* — i r 


Qvaxrou valui, Mathematicam Methodum, ejuſque ſummum Rigorem, 
adſequi contendi, ratus, non vitio id mihi verſum ir, quum preſertim de 


propoſitione Mathematica omnis controverſia ſit. 


Quoxiam hec Argumentatio, qua uſus ſum, pro adſtruenda vara men- 
ſura virium, omnium maximè naturalis videtur, totumque primum tractatio- 
nis caput, de principiis Dynamices legitimis, conſtet veritatibus quibus omnes 
adſentiuntur, & quæ ſolum ideo a me repetitæ ſunt, ut partim, lectoribus 
præſto eſſent, nec aliunde petenda forent convictionis ſubſidia, partim, quum 
certiores illæ reddi nequeant, evidentiores aliquo modo, mea qualicumque 
opera, fierent, quam vulgo proponuntur confido fore, ut hac ſcriptione, om- 


nis controverſia de vi metienda motrici finiatur, ſecuſque ſentientes, ad noſtram 


pertrahantur ſententiam. 


„ 
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of Bodies already in Motion, (which is the Subject in Diſpute) are not Annotat. 
ſubjected to the ſame Rules which are delivered here, for the Meaſure Lect. VI. 
of Forces in general; and that the Theorems contain d in the firſt Chap- . 
ter of this Diſſertation are true only of Forces which put Bodies in 
Motion, or change the Motion they had before, either as to Intenſity, 
or Direction, or both. PN | | 

Our Author ſays, in the Beginning of the firſt Chapter, that he 
ſuppoſes his Readers have a clear Notion of what they call Vires Mo- 
trices, or the Forces of Bodies in Motion, and that thoſe who are not 
as yet ſufficiently acquainted with thoſe Notions, muſt conſult the fa- 
mous Chr. Wolfius's Coſmologia. As this Book of Profeſſor Wolfus is 
not very common in England, I have tranflated out of it, in this place, 
what our Author mentions, and whatever elſe may ſerve to ſhew the 
real Notions of that learned Profeſſor and his Followers. 

« & 129. All Bodies refift to Motion. » 

F. 130. The Principle of Reſiſtance to Motion in Bodies, is called 
« the Vis Inertiz, or the Paſſive Force. 7 | 

„ F. 132. A Body reſiſts to every Change by its Vis Inertie. 

„ F. 135. Since a Body atts, to put another quieſcent Body in Motion, 
« or to alter the Motion off a Body already in Motion, either as to its Di- 
erection, or its Celerity, or as to both; a Body being once in Motion, 
is endowed with a Force to act. 

« & 137. This Aﬀive Force is called the Moving Force (Vis Mo- 
* trix) becauſe it is inſeparable from local Motion. | 

„. 149. This Afive Force (Vis Motrix) confifts in a continual En- 
*« deavour to change Place. 

„ & 170. All Matter is in à continual Motion. | 

« & 356. 4 Force is ſaid to be dead (Vis Mortua) which confiſts in 

My nothing, 


F. 129. Omne Corpus reſiſtit motui. 


g. 130. Principium Reſiſtentiæ motus in corporibus dicitur Vis Inertiæ, 
five vis paſſiva. | 
$. 134. Corpus vi inertiæ omni mutation reſiſtit. 

F. 135. Quoniam corpus, vel quieſcens ad motum concitans, vel in motu 
conſtituti motum immutans, five quoad directionem, vel ad celeritatem ſo- 
EY quoad utrùmque, agit, corpus in motu conſtitutum vi agendi prædi- 
tum eſt. | 


$. 137. Vis illa corporum activa dicitur Vis Motrix, quia ſemper motui 
locali adheret. 


F. 149. Vis motrix conſiftit in continuo conatu mutandi locum. 
y. 170, Omais materia in continuo motu eſt. 


9. 356. Vis dicitur Mortua quz in ſolo conatu ad motum ſubſiſtit—— 
| ut 


* 


80 
Annotat. nothing but the-Endeavour,. or the Tendency to Motion. Such is Gra- 


Lect. VI. „ vity as long as a beavy Body, hung by a Thread, endeavours to deſeend, 
Aut cannot actually deſcend. Such is alſo tbe Force of a bent Spring, 


ut gravitas quamdiu grave ex filo ſu'penſum deſcendere nititur, tamen actu 
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« whilſt it endeavcurs to reſtore itſelf ta its natural State, butt cannot re- 


ore itſelf on account of an Obſtacle,” &c. 


« & 357. A Force is ſaid to be alive, or quick, (Vis Viva) which always 
ic accompanies actual Motion, and tends to produce a local Motion. There 
« 7s ſuch a Force in a Body, failing by Gravity, when it bas already 
te acquired ſome Degrees of Velocity, and ſuch” a Force is alſo, found in a 
« Spring, whil/t it does actually unbend 1ijelf ; nor is the Force of a Bul- 
« let ſhot by the Force of | Gun-powaecr out of a Cannon, different from 
« this. Mr. Leibnitz was {he firſt, who begun to. enquire into the Dif- 
&« ference (between theſe two forts of Ferces Vis Viva & Vis-mortua, which 
« had been neglected, till then, hy the Mathematicians as well as the Phi« 
« Igſopbers) in the Acta Eruditorum, A. D. 1695. page 149. 5 
& & 471. A burtful Effet? (effectus nocuus) is that which deftroys the 
Force, by which it is produced; but a harmleſs Effect (effectus innocuus) 
is that which does not deſtroy the moving Force, but leaves it unalter'd. 


Fer Example, in an uniform Motion the Effet of the Vis Motrix is to 


& carry the moving Body thro' Space, Now if the Motion is perform'd 

« in a Medium that does not refijt, the Effet is barmleſs (innocuus) : If 

„% the Motion is perform'd in a reſiſting Medium, it is certain that the 

Velocity, and conſequently the Force decreaſ's continually, and therefore 
that Effect is burtful (nocuus,) | 

« 8. 473. The hurtful Effects, are as the Forces which they deſtroy, &c. 

: | #1) Hence 


* 


deſcendere nequit: etiam talis eſt vis in Elaſtro tenſo, dum fe reſt tuere niti- 
tur, ob præſens autem obſtaculum reſtituere nequit, Sc. | | 
F. 357. Vis viva, quæ cum motu actuali conjuncta eſt, ad motum loca- 
lem porto producendum tendit; Vis viva eſt in gravi cadenie ubi jam aliquem 
gradum celeritatis adquiſivit. Talis etiam deprehenditur in Elaſtro tenſo dum 
actu reſtituitur, nec alia ineſt globo, vi pulveris pyrii, ex Tormento exploſo; Dif- 
ferentiam Vis vivea mortua, cum a Philoſophis, tum a Mathematicis, neglectam 
primus ſcrutari cepit Leibnitzius in Acta Erudi:orum, A. D. 1695. pag. 149- 

$. 471. Effectus nocuus, eſt qui vim, qua produoitur, abſorbet; Effectus 
vero innocuus, eſt qui vim motricem non abſorbet, ſed eam intemeratam 
relinquit. Ex. gratia, in motu equabili, effectus Vis motricis eſt tranſlatio mo- 
bilis per ſpatium, enimvero fi motus fit in medio non reſiſtente, effectus in- 
nocuus eſt; ſi movetur in medio reſiſtente, conſtat celeritatem continuò de- 
creſcere, & conſequenter vim quoque; effectus ergo nocuus eſt. 


$. 473. Effectus nocui ſunt, ut vires quas abſorbent, &c. hinc pervulgs- 
| 7 tum 


* | 1 
_ y = 
- 
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« Hence that famous Theorem, which ſays, that the Effects muſt be Annotat. 
© proportionable to the Forces, or the Cauſes that produce them, Left. VI. 
« muſt be underſtood only of the hurtful Effects (effectus nocui,) becauſe ——- 
« the ſame cannot be demonſtrated of all Effects in general, and the con- 
« trary rather may be ſhewn, as is plain from the very Definition of 
« the barmleſs Effects (effectus innocui.) | 
« F. 474. Since the Quantity. of the burtful Effects (effectus nocui 
« depends intirely on the Quantity of the Forces which they deſtroy ; in 
« the Eſtimation of thoſe hurtful Effects (effectus nocui) no regard ts to 
« he had to the Times.“ £3 | | OSD 
HaviNG now premiſed Wolfs Definitions, which our Author ſup- 
poſes his Readers to adopt as he does himſelf, I ſhall proceed to give 
the Subſtance of our Author's Diſſertation.— He proceeds next to de- 
liver his Notation, that is, to expound the Symbols he employs, which 
are as follows. | | | 
Ir two Forces produce their Effects by acting, or continuing to act 
during certain Times, and thoſe Forces be repreſented by V and v, the 
Effect of the Force V produced in the Time T, he calls E, and the 
Effect of the Force v produced in the Time #. he calls e. | 
[ ſhall ſhew hereafter, that notwithſtanding our Author applies this 
Notation, and whathe deduces from it, to all Forces in general; it ought 
only to be applied to the Forces by which Bodies are put in Motion, or 
have their Motions altered ; and that it is of ſuch Forces only, which are 
greater or leſs, or rather, which produce a greater or a leſs Effect, accord-- 
ing to the times during which they act, that it may be affirmed, what 
our Author delivers in the four following Propoſitions, in which is ſum- - 
med up all the Doctrine contained in the 15 Pages of his firſt Chapter. : 
« &. 34. The Effects that are produced by the ſame or equal Forces, 
are in the Ratio of the Times during which they are produced; ſo that 
« if V=v, then T3334 576 e . 


N * by A 


. 35. 
tum iſtud Theorema, de effectibus cauſæ ſeu viribus cauſæ ſuæ proportionali- 
bus, non intelligendum niſi de effectibus nocuis, neque enim in genere de 
effectibus id demonſtrari poteſt, quin potius contrarium oſtendi poteſt; imo 
ex ipſa definitione effectus innocui per ſe patet. 88 | 
9. 474. Quoniam quantitas effectuum nocuorum pendet a quantitate vi- 
rum quas abſorbent; in effectibus nocuis eſtimandis, non habenda eſt ratio 
Temporum. a | 7 

\. 34. Effectus ab æqualibus viribus, vel eadem vi præſtiti rationem tem- 
f 2 quibus producuntur ipſi ſequuntur, ergo ſi erit V =v erit etiam 
1 3 | | 2 
Vol. II. 4. $ 35» 
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(e . If #9w0. Forces: produce unegual Effects, in different Tim 
cc ths $5 Fn in 4 Ratio dee. af 4 the direct Ratio of theſe 


WY © Effetts and the reciprogal Ratio of the Times; that is, thoſe Forces 


== :*Ev: e V 22 LE _ that is, the Times are in a Ratio compounded 


uill be as the Effects they produce divided by the Times ducing which 
« they act. So that V: V:: Er: eT, or V: v — for if the 
« Force v in the time:, produces its Effecte, the Force in the ſame time 


e will produce an Effect = . ſince in equal times the Effects are 


eas the Fotees: Moreover, if the Force V in the time f produces 
te an Effect == that ſame Force V, in the time T, will produce 


« an Effect = = (by the laſt Parag. 34.) but the Effect of the Force 


« V, in the Time T, is E; cherefore = E, confequently Te v 
« tu E, and therefore V: V:: Er: e T: = 717 | 
F. 36. Therefore the Effects of Forces in general are in @ Ratio 
wc compounded of the direct Ratio's of the Forces, and of the Times ; that 
& is, the Effects of Forces, are as the Forces multiplied by the Time 


of their Action, becauſe by the laſt we have Te Vt Ev, it fol- 


« lows E: e:: TV: . 
ec & 37. Moreover, ſince TeV =& Ev, it follows alſo that * 


of 


— Fw 


F. 35. Si vires duæ effectus inæquales, inzqualibus in temporibus produ- 
xerint; ſunt illæ in ratione compoſita, ex effectuum directa, & temporum 
” | 3 0 © f E v * i . 
inverſa rationibus, dico fore V: v:: EH: e T:: = Nempe ſi vis v 
producet, in tempore t, effectum e, producet vis V, in eodem tempore 7, ef 


8 . „ — 4 nn „ . „ — „— 


eV . : e V 4 
ſectum = fi porro vis V in tempore #, producet effectum , vis eadem 


& ? 
- TP V ; 4 
V, in tempore I producet effectum > 3. ſed effeftus vis V, in tempore 


| T. 2 | 
T = E, ergo — E & TeV =? vE, ac denique V: :: ET: T1: 
T. E oy | 
ES ＋ 7 g | | 
$ 36, Sunt adeo effectus quarumcumqe virium, in Ratione compoſita, e 
Rationibus directis virium & temporum, nam cum TeV =&E v, erit etiam 
er. 


K 37. Porro quia eſt Te V. E v, etit T: :: EU: eV:; A ſunt 
pro- 


5 


verſa. 
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« of the dire Ratio of the Efſetts, and the inverſe Ratio of the Forces ; Annotac. 
Let. VI.. 
Oux Author endeavours in his ſecond Chapter to apply theſe Dyna 


« or as the Effects divided · by the Forces, by which they are produced.” 


mick Principles delivered in the former Chapter, to the Forces that 
exiſt in Bodies that are in Motion. I ſhall firſt relate the Subſtance of 
this 2d Chapter, and then make ſome Remarks upon the whole. 

« $. 38. The Impetus of a Body (called by the Engliſh, Momentum, 
« and by Sir Iſaac Newton, Quantitat motns) is the Product of the Maſs 
« of the Body multiplied into the Velocity with wwhich it moves; fo C M 
« =C M is the Impetus (or Momentum) of the Body M, moving, on 
« with the Velocity C, in the ſame manner c * en is the Impe- 
« tus (or Momentum) of another Body m moving with the Velocity c. 

F. 40. The Effect of the Vis Motrin, or the Force of a Body in 
% Motion, is what that Force produces. 7 

«$. 41. The Effet of the Force f a Body in Motion (Vis Motrix) is 
« the Impetus (Momentum) which the Body in Motion has. | 

« F. 42. The Effects of the Forces of Bodies in Motion (Vires Motri- 
« ces) are proportional to the Impetus (or Momenta) of the Bodies in Mo- 
« tron, by the Attion of thoſe Forces. | 
. 51. Thoſe little Intervals of Time, during which the Bodies are 
« fcund or remain (herent) in every Point of the Lines of Direthion of 
« their Mottons, are reciprocally proportional to the Celerities with which 
« the Bodies move. 5 

« F. 5 3, and the following. The Times which are ſpent by the Vires 
© Motrices, (or Forces of Badier in Motion) in producing their Effects, 
are rectprocally proportional to the Celerities, with which thoſe Bodies 
are carried by the Action of thoſe Forces. 1 | | 

90 8. 56. 


proinde tempora in ratione compoſita, ex effectuum directa, & virium in- 


g. 38. Impetus eſt productum Maſſæ corporis, in celeritatem, qua mo- 
vetur, fic Cx M=CM eſt impetus corporis M, moti celeritate C. Sicut c 
m Se m eſt impetus alius corporis m moti celeritate c. 

d. 40. Effectus Vis Motricis eſt id quod vis motrix producit. 

F. 41. Vis Motricis effectus, eſt impetus quem corpus motum habet. 

\. 42. Effectus virium motricium foot impetibus proportionales quos cor- 
pora ab illis meta habent. | 6 

} 51. Tempuſcula per quæ corpora hærent in ſingulis punctis ſuarum di- 
rectionis linearum, ſunt celeritatibus quibus corpora moventur reciproce pro» 
portionalia.. | 5:54 

9. 53, & ſeq. Tempora quæ a viribus motricibus impenduntur producen- 

dis effectibus ſuis ſunt reciproce proportionalia celeritatibus, quibus feruntut 
corpora illis viribus mota. M 2 | | 
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-Annotat. F. 56. The Forces of Bodies in Motion (Vires Motrices, which at. 
| Lea. VI. « 4vays accompany Motion) are in a Ratio compounded of the direct 
Ly © Ratios, of the Squares of the Velocities, or Celerities, wherewith the 
Badies are carried by thoſe Forces, and of the Matter of thoſe Bodies; 
6 or in other Words, the Forces of Bodies in Motion, are as the Quan- 
* tities of Matter in the Bodies in Motion, multiplied into the Squares 
te of their reſpeCtive Celerities. If the Force V moves the Body M with 
« the Celerity C, let us call the Effect of this Force E. and the Time 
« that Force employs in producing that Effect T. Let us ſuppoſe an- 
« other Force v moving a Body m with the Celerity 7, and let us call 
« the Effect of that Force e, and the Time that Force employs to pro- 
« duce it, ?; we ſhall have V:v::Er:eT, (by Parag. 35.) now 
« E: e:: CM: en (by Q 41.) and 4: T ere (by §. 53. There- 
« fore Et: e T:: EC: ec: : CM: cn. That is, in Weird at 
« length; The Vires Motrices, or Forces of Bodies in Motion are in a 
% Ratio, compounded of the direct Ratio's of the duplicate Ratio of Ve- 
« bocities, or Celerities, and the ſimple Ratio of the Maſſes.” 
Having given an Abſtract of this Diſſertation, I will now endeavour 
to ſhew wherein lies the Paralogiſm of this pretended Demonſtration. 
In order to do this, we muſt take care, in the firſt place, to acquire a 
true Notion of the Terms employed in it, moſt Diſputes ariſing from 
| different Ideas join'd to the ſame Expreſſions, or from different Ex- 
: preſſions made ule of to ſignify the ſame Ideas. | 


19. Our Author, and moſt of the Followers of Leibnitz's Opinion, 
(for even in this they are divided) pretend, that when a Body is in Mo- 
tion, that Motion is to be conſider d only as the Effect of a Force inhe- 
rent in that Body, whilſt in Motion, (different from the Vis Inertiæ, 
which they allow to be inherent in the ſame Body at reſt) which does 
actually carry the Body from Place to Place, by acting upon it always 
with the ſame Intenſity, in every Phyſical Point of the Line e to 

/ 
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$. 56. Vires Motrices cum motu actuali conjunctæ ſunt in ratione compo- 
ſita, è directis rationibus quadrate rum celeritatum, quibus corpora iis viribus 
feruntur, & maſſarum horum pods. Si vis V, moveat corpus M, cele- 
ritate C, ejuſque Effectus dicatur E, tempuſque quo hunc præſtat T: atque 
vis v moveat corpus , celeritate c, hujuſque Effectus dicatur e, tempuſque 
quo hunc præſtat t erit (S. 33.) V: v:: Ef: e T. Sed eſt E: e:: CM N 
{F. 4x.) & etiam eſtz: T::C:c (4. 53.) hin EH T:: EC: 
C*M:c * m; vel ſi verbis agendum fit——Ratio virium motricium, cum 
motu actuali conjunctarum, componitur e rationibus directis celeritatum du- 
plicata & maſſarum ſimplici. 2 | 
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Body deſcribes.. This is plain from the 41ſt Parag. of our Author, and Annotat. 
the 471ſt of Wolfius's Coſinolagia, quoted above. Now if there is. any Lect. VI. 
ſuch Force (called by them Vis Motrix) exiſtent in a Body in Motion 
different from the Vis Inertiæ, that Force muſt neceſſarily be created, or 
generated, at the very Inſtant a Body is put into Motion, and the Fi, 
Incrtie, which that Body had when at reſt, muſt be annihilated, or de- 
ſtroy'd at that ſame Inſtant: or elſe there would be in the ſame Body 
a two-fold Force, viz. this (real or pretended) Vis Motrix, which car- 
ries it on thro Space, and the Vis Inertie, by which it endeavours to 
keep whatever State (of Motion or of Reſt) it is in. Whereas if we at- 
tentively compare the Definitions of the Vis Inertiæ in Sir Iſaac Neu- 
ton's, and in Wolfius's, and others of Leibnitz's Opinion, we may eaſily 
ſce that theſe two pretended different Forces are in reality but one and 
the ſame, Here is Sir T/ſaac Newton's Definition, as tranſlated by Mr. 
A. Motte, Book 1. Defin. 3. The Vis Infita, or innate Force of 
« Matter, is a Power of reſiſting, by which every Body, as much as in it 
lies, endeavours to perſevere in its preſent State, whether it be Reſt, 
« or of moving uniformly forward in a right Line. This Force is ever 
« proportional to that Body whoſe Force it is, and differs nothing from 
e the Inactivity of the Maſs, but in our manner of conceiving it. A 
Body from the Inactivity of Matter is not without difficulty put out of 
its State of Reſt or Motion; upon which account this Fis Inſita may, 
by a moſt ſignificant Name, be called Vis Inertiæ, or Force of In- 
activity.“ | : : | 

Now from the Parag. 130, quoted above, it appears that they allow 
that a Body remains at Reſt, and endeavours againſt being put into 
Motion by the Vis Inertia ; and from Wolfius's 132d Parag. quoted 
above, it appears alſo that they allow that a Body once in Motion reſiſts 
to its being alter'd from the State it is in, viz. of moving uniformly by - 
its Vis Inertiæ, which therefore muſt be ſufficient to maintain that Body 
in uniform Motion for ever, until a new Cauſe intervenes; this is the 
true Idea that we muſt frame to our Mind of the Force of a Body al- 
ready in Motion, whether. we call it, with Sir Iſaac Newton, Vis Inertic, 
or Vis Matrix with the Followers of Leibnitz. 


7 . - 2 * 
15 — 


Phirosor H Naturalis Principia Mathematica, Lib. 1. Def. 3, Materie 
Vis infita eſt potentia ręſſtendi, qua corpus unumquodque, quantum in ſe eſt, per- 
ſeverat in ſtatu ſuo vel quieſcendi, vel movendi uniformiter in Directum. | 
Ha ſemper proportionalis eſt ſuo corpori, neque differt quicquam'ab Iner- 
va Maſſæ, niſi in modo concipiendi. Per Inertiam Materiæ, fit ut corpus 
omne de ſtatu ſuo vel quieſcendi, vel movendi difficultèr deturbetur. Unde 

cuam Vis inſita, nomine fignificantiſſimo, Vis Inertie dici poſſit. 
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 Annotat.  2®, Wrar our Author calls after Wolfius, Vis Viva, (or quick Force 

Le&. VI. conjoin d with actual Motion) is no more than the Vs Zafita of a Body 

iu Motion, defined above in Sir Iſuac Newton; and, to prove it, we 

need only quote this Author's own Words, (Parag. 47.) * Whey 1 

% ſhall mention the Vis Viva, or quick Force, which is always joined to 

< actual Motion, it is evident, from its Definition, (ſee Wolfus's Pa- 

= ragr. 357.) that in conſidering the Vis Viua I am treating of thoſe 

“ Forces only, which already exiſt in the Body when in Motion; ab- 

te ſtracting conſequently from the Communication of the Motion: and 

have regard only to that Force, which Is in the Body in Motion, 

when it moves with its equable, or uniform Celerity; and it is that 
% Celerity that I mean in what follows.” | 


30. Now, to avoid diſpating about Words, let the Force which is 

in a Body in Motion be called by the Name of Vis Inertie, or Vis Motrix, 

i our Author makes a wrong uſe of the Words, and of his Symbols, when 
| he begins his Demonſtration (5. 36.) in this manner. If the Force 


8 „moves the Body M with a Celerity C, let us call the Effect of that 
4 | % Force E, and the Time employ'd in producing that Effect T, &c.” 
. Becauſe, unleſs a new Cauſe intervenes, or a new impreſs d Force (Vis 
| i Impreſſa) interferes, the Force of the Body in Motion is the ſame; (that 


is, it would remove the ſame Obſtacle, ſtrike the ſame Blow, or deſtroy 
; an equal Momentum, acting in a contrary. Direction, in any Point of 
8 the Line, or Space deſcribed in its Motion) ſo that the Times can have 
| nothing tq do in the Computation of the Forces of Bodies already in 
+ Motion, Mires Moirices, or Inſite) and the Subftitution, the Author in- 
= troduces from a Conſideration of the Times being never true, but in one 
particular Caſe relating to other ſoris of Forces, (viz. the Vires Impreſe) 
his whole Demonſtration muſt fall to the ground. | 


1 4. MortoveR, if it was allow'd that the Motion of the Body is 
5 oving to the continual Action of a Force, inherent in the Body, (called 
5 Vis Matrix) it is univerſally known, (and our Author has demonſtrated 

it very clearly in his $. 26.) that the Effects are ever 3 to 
a | their 
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Quum Vim vivam dicam, que cum Motu actuali conjunRa eſt, (per ejus 
Definitionem) patet eam Vim mibi in præſentiarum confiderandam efſe de Vi 
viva acturo, que jam corpori moto ineſt; proinde abſtraho a communicatione 
Motus, atque ad Vim eam ſolum adtendo, quæ corpori jam moto celeritate 
uniformi, vel æquabili, ineſt : hanc enim celeritatem in ſequentibus intelligo. 


* 
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theic Cauſes, when thoſe Effects are produced in the ſame, or 


87 


.Annotar, 


Times. Now, ſince the Forces of Bodies in Motion (Vires Matrices, or Lect. VI. 


Infitz) do not increaſe or decreaſe in any Proportion with the Times of 
their (real, or pretended) Actions: if the Times of the Continuance of 
the Motions, or the Actions of thoſe Forces muſt need be taken in the 


Account; thoſe Times are to be ſuppos'd equal, fince it would be not 


only abſurd, but tidiculous, to compare Forces acting during unequal 
Times, and bring thofe unequal Times in the Calcuius, notwithſtanding 
that thoſe Forces remain the ſame, whether they act during a longer, 
or 2 ſhorter Time. Therefore in the general Expreſſion of our Author, 
&. 35. ws, V: V:: ETH: e T, if by V and v he expreſſes two different 
Forces of Bodies in Motion, (Vires Motrices, or Infite) the Times t and 
T muſt be ſuppoſed equal, from what has juſt now been ſaid, in which 
caſe V: V:: E: e:: CM: cm, exactly the fame as according to the 
old Opinion, which receives hereby a collateral Proof from theſe very 
Dynamick Principles of our Author. | 


5. FroM thence id alſo appears evidently, that all that is contain'd+ 
in the firſk Chapter of our Author's Differtation, (the four principal 
Theorems of which have been quoted above) wherein the Times T 
and F are ſuppoſed different, can never be affirm'd of the Forces of. 
Bodies in Motion, (Fires Motrices, or Inſite.) | 


6. BuT if we ſoppoſe that in the Paragr. 35, and 56, of our Au- 
thor, the Forces t, and expreſs'd by V and v, are ſuch Forces as. 
put Bodies in Motion, or alter the Motion they had before, which always 
requires Time; that is, ſuch Forces as Sir Iſaac Newton calls Vires Im- 
preſſe, and which he defines as follows, Book f. Def. 4. An impreſd 
Force is an Action exerted upon a Body, in order to change its State, 
either of Reſt, or of moving uniformly forward in a right Line. 
This Force conſiſts in the Action only, and remains no longer in the 
Body when the Action is over. For a Body maintains every new 
State it acquires by its Vis Tnertie only; impreſs d Forces are of dif- 
* ferent Origins, as from Percuſſion, from Preſſure, from Centripetal 
Force.“ Then indeed the Times T and t, during which theſe Forces. 


| are 


- » 
** * MC. a 4.5 i. Mt * 2 _— 11 — 


PHiLoSopHt@ Naturalis Principia Mathematica, Lib. 1. Def. 4. Vis in- 
prejja eft actio in corpus exercita, ad mutandum ejus ſtatum vel quieſcendi vel 
0v-ndi uniformiter in Direttum.—Conſiſtit hec Vis in actione ſola, neque poſt: 
actionem permanet in corpore. Perſeverat enim corpus in ſtatu omni novo. 
ber ſolam Vim Inertiæ; eſt autem Vis impreſſa diverſarum Originum, ut ex. 
Ku, ex Preſſione, ex Vi Centripeta.. 


4 


— 


— 14 — 
. 


88 MA Courſe of Experimental Philoſophy. 

Annotat. are ſuppoſed to act, are to be taken into the Account. And the Expreſ- 
Lect. VI. ſion of thoſe Vires Impreſſe, or impreſs'd Forces, will be as in our Au- 
* = thor's$. 35. viz. V: V:: EH: e :CMr:cmT : 2 bp 


. | be 


7. Tux Paralogiſm of our Author's Demonſtration in his Parag. 56, 
is this; namely, that he introduces in this laſt Expreflion the Celerities 
C and c, inſtead of the Times f and T; this Subſtitution, is never true, 

nor can it ever be allow'd, but in one ſingle Caſe, viz. when by the 
Letters V and v are meant, (not Forces of Bodies already in Motion, 
(Vires Matrices vel Inſitæ) becauſe, as we have ſhewn in the 4th Re- 
mark, they follow no Ratio of the Times of their Actions or Continuance, 
but) impreſs d Forces, (Vires Inpreſſæ) acting on the Body M and m 
thro' equal Spaces, and each of them always acting with the ſame Inten- 
ſity. Then indeed the Celerities which the Bodies will have acquired at 
the end of thoſe equal Spaces, being reciprocal to the Times of acting, 
we ſhall have ?: T:: C: c, and inſtead of V: v:: C Mf: en T, we 
ſhall have V: v:: CM MX C: cnc that is, the impreſs d Forces, 
(Vires Impreſſæ) which acted on the Bodies, during the Times T and 
t, thro' equal Spaces; and each of them acting always with the ſame 
Intenſity, will be as the Squares of the Velocities into the Maſſes. But 
we cannot conclude from thence, (even in reſpect of the impreſsd Forces) 
(Vires Impreſſæ) that it is ſo univerſally ; ſince that would be drawing a 
general Concluſion from a ſingle particular Caſe. For if the Spaces 
(thro' which two different impreſs'd Forces V and v are acting on the 
Bodies M and m during the Times Tand 7) are different, the Celerities 
which the Bodies will have acquired at the end of thoſe Times, will not 
be reciprocal to the Times; in which Caſes the Subſtitution: of C ande 


for t and T, cannot be introduced, and the Expreſſion of theſe impreſs'd 
Forces will remaim as before V: v:: EH: e T, orV:v:: * : = 
that is, the impreſs'd Forces will ever be, as the Momenta which they 
give to Bodies divided by the Times during which they act to give it. 
Which Rule will hold true in all Caſes whatſoever : But, as we have al- 
ready ſaid, we cannot in any wiſe apply the ſame Reaſoning to the Forces 
of Bodies in Motion, (Vires Motrices or Infite) which neither encreale | 
or decreaſe in any Proportion of the Times of their Actions or Conti- 


NUANCE. 


89. IT ſeems that the whole Drift of our Author in this ſecond Chap- 
ter, was to eſtabliſh this Subſtitution of C, and c, for 7, and T; in ordet 


to apply the ſame Reaſonings, and employ the ſame Symbols to the 
5 | Forces 
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Forces of Bodies in Motion, V. res Motrices, or Infite) which he had Annotat. 
made uſe of, treating of Forces in general in his firſt Chapter: he owns Lect. VI. 
it, in ſome meaſure, in his Parag. 56. where he endeavours to illuſtrate 


his Demonſtration of a reciprocal Ratio between the Times that a 
Body remains (beret, as he calls it) in every Point of its Line of Direc- 
tion, and its 1 Theſe are his Words, As I am conſcicus the 


« Propeſition juſt. ni demonſtrated will be the chief and beſt Foundation of 
« this Trat, I will demonſtrate it anotber way.“ Tha 


9. Inhish 57. our Author charges all the Followers of the old 
Opinion, (under the Name of Carte/ians) with neglecting the Ratio of 
the Times, in the Calculation of Forces, contrary to his Dynamick 
Principles, which he ſaith we do not diſallow of. I have ſhewn in the 
fifth Remark with what Reſtriction his Dynamick Principles are to be 
allow'd ; but as to what he charges us with, we are ſo far from being 
guilty of it, that it is in conſequence of the Times being taken in the 
Account, that - we maintain that the impreſs d Forces (Vires Imprefſ#) 
are as the Maſſes multiplied into the Celerities of the Bodies, which 
they put in Motion, if the Times during which they act are equal: 
and that thoſe Forces ate as the Products of the Maſſes into the Celeri- 
ties, divided by the Times, if the Times of their Actions are different. 

AND it is alſo in conſequence of a due regard to the Times, that we 
continue to maintain that the Forces of Bodies already in Motion (Vires 
Motrices, or Inſitæ) are always proportionable to the Momenta them- 
ſelves; or, as the Products of the Maſſes into the Celerities : becauſe 
whether the Times, during which thoſe Forces ate pretended to act on 
the Bodies, are long or ſhort, the Bodies would produce the ſame Effect 
in every Inſtant of the Continuance of the Motion, and conſequently 
the Forces inherent in thoſe Bodies neither increaſing or decreaſing, in 
any Ratio af the Times, thoſe Times muſt of courſe be ſuppoſed equal, 
or elſe thrown entirely out of the Expreſſion of the Forces inherent in 
thoſe moving Bodies. Our Author adds, before his Concluſion, that 
he could illuſtrate his Doctrine by a great many Examples, in Bodies 
not elaſtick, as well as elaſtick; but this he keeps for another Diſſerta- 
tion, defigning this only as a general Demonſtration of the Meaſure of 
Forces, deduced from the Principles of the Dynamicks, in which he 
15 entirely confident to have ſucceeded ; for he concludes with returning 
God Thanks (for his Succeſs, as 1 ſuppoſe) in the following Words; 

* To Ged the Beſt, and Greateſt, be given Va 
** Praiſe, Hondur, and Glory, for ever, and ever, Amen. 
VS Boo contin nod ba Es Ke ans Norwifu- 
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 NoTwirmsTAnpinG this great Confidence of Succeſs in our Au- 
thor, if he wrote his Preface after his Diſſertation, (according to the 
Cuſtom of moſt Writers) he was then ſtill dubious, whether this De- 
monſtration (as he calls it) would be ſufficient to bring over the Fol- 
lowers of the old Opinion to the new. For he ſays in that Preface, 
that in caſe this Diſſertation ſhould not have the deſired Effect, . he has 
« four more different Demonſtrations of Leibnitz's (or the new) Opinion, 
« whereby (tho be proteſis be is ready to receive the Carteſian, or the old 
« Opinion, whenever it ſhall be evidently demonſtrated bis Mind fo firongly 
te perſuaded of the Truth of the new Opinion, and ſo well ſettled as to that 
« Point, that be ſcarce thinks be fhall ever be mage to alter in bis Opi- 
te nion. And he further aſſures us, that *in caſe This' Demonſtration 
% ſhould fail of the defired (nay the expefed) Succeſs, be will give theſe 
« four Demonſtrations to the Publik“ D | 
Wu Succeſs thoſe four others may have, I will not fo much as 
gueſs at; but I may venture to ſay; that this Diſſertation is ſo far from a 
Demonſtration of the new Opinion, that the Principles he has laid down 


to prove it, are more than the ſufficient to prove the old Opinion, as I 


have endeavour'd to make evident in the few Remarks I have added 
to the Account you deſired me to give you of the Diſſertation itſelf. 


Tam, with Reſpect, 
Reverend SIR, 
Your moſt Obedient, 
Humble Servant, 

CHARLES DE LABELYE. 

P. S. Oon Author afferts in his Preface, that the Diſpute about 
Forces is a Mathematical Diſpute ; but whoever will be-at the trouble 
attentively and impattially to conſider the fundamental Definitions * 


— 


9 


PRÆsrO ſunt quatuor aliz diverſe Demonſtrationes, quibus in veritate 
menſu; Leibnitzanæ animus, ad Carteſianam, recipiendam, fi evidenter de- 
monſtrata fuecit, æque paratus, adeo eſt obfirmitus, ac ſtabilitus, ut vix putem 
unquam me inde dimotum ini. | 1 

ILL As deinceps luci exponam publicæ, ſi hæc tractatio optato (imò & ſpe· 
rato) eventu caruerit. N 


„ 


2 1K 


A Courſe of Eaerimental Philoſophy. 91 
by the Writers on both ſides of the Queſtion, will eaſily perceive that the Ancaae. 


Diſpute is hardly more than a nominal, or metaphyſical Diſpute ; for, Le&. VI. 
after all, it is very evident that what we mean by the Word Force is very wes 


different from what the Gentlemen who follow Leib:zt2's Opinion mean 
by the ſame Word. I conceive likewiſe, that, on account of the different 
Ideas that are joined. to a Word of ſo vague. (or looſe, and extenſive) a 
Meaning, as is the Word Force, it may happen that very different Con- 
cluſions may be drawn from thoſe different Definitions. And it is for 
want of a due Attention to thoſe different Definitions, that the Diſpute 
about the Meaſure of Forces has laſted already upwards of 40 Vears. 
For the Diſpute is at an end, if it is obſerved that Forces ought to be di- 
ſtinguiſh'd into two Kinds; vis. that Force which we conceive to exiſt 
every Inſtant, in an Agent, (ſuch as a, Spring, or a Body already in 
Motion) (which Force, in my Opinion, might retain the Name of Vis 
Inſita, or inherent Force, and will always be found proportional to the 
Momentum, or Quantity of Motion which it can produce in the ſame 
Time) and another kind of Force; namely, that which the Gentlemen 
of Leibnitz's Opinion conſider to be in an Agent, (ſuch as a Spring, or a 
Body in Motion) and which they 3 by the total Effect which 
that Spring, or Body in Motion, is abl 

the Motion, which produced that Effect, be totally deftroy'd, without 
any regard to the Time employ'd in the Production of that Effect, or 
in the total Deſtruction of the Force which produced that Effect. 1 
humbly conceive this Force might alſo keep the Name of active Force, 
(Vis Addiva) as it is called by Mr. Leibnitæ's Followers, —If due regard 
be had to this Diſtinction, it will be eaſy to ſhew in what Caſes Forces 
and their Effects ought to be conſidered in the former, or in the latter 
Senſe: why all the Phenomena can be accounted for, from either of the 
two Meaſures of Forces; and why ſome particular Experiments, which 
ſeem to favour either of the two Opinions, mote than the other, are really 
conſentaneous to both, when due regard is had to the Diſtinction juſt 
now mentioned. But if, thro' the Obſtinacy of either, or both Parties, 
this Diſtinction is not allow'd of, and the Word Force muſt be abſolutely 
reſtricted to one Meaning only, the Diſpute: will be meerly nominal, and 
each fide of the Queſtion can bring Arguments equally concluſive, to 
ſhew why the Word Force ought to be underſtood in the Senſe that is 
moſt conformable to their reſpective ways of Computation. 


TOW I come to conſidef the Concluſions which are drawn from Pits made 


in Clay, or other ſoft Subſtances, by bard Bodies ſtriking againſt thoſe 
Subſtances. | 
N 2 IT 


to produce; till the Force, or 


- 
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Annotar. 


Lect. VI. 
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* See L. 7. 
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Ir is certain that when ſpherical,” cylindrick, or conick hard bodies, have 
(by falling, or moving in any Direction) made Impreſſions or Pits on ſoft 
Subſtances which they have ſtruck, thoſe Pits: have always been proportion- 
able to the Square of the Velocity of the percutient Bodies. Ihe Favourers of 
the new Opinion conſider thoſe Pits as the Meaſure of the Force of the mov- 
ing Bodies that make them, eſtimating the Reſiſtance of. the Clay to be as 
the Force of the percutient Body; and this is agreeable to their Definition of 
F:rce. The Realba why the Defenders of the old Opinion differ from them, 
is that the ſoft Subſtances that receive the Impreſſion are by them conſider'd 
as Fluids; and then, tho” they allow the Reſiſtance made by Fluids to Bodies 


moving in them to be as the Square of the Velocity of the ſolid Body moving 


id the Fluid, they do not conclude from thence that it muſt be as the Force ot 
the ſolid Body in other Caſes. The Reaſon why it happens ſo here, (ſtill con- 


ſidering Force as inſtantaneous Preſſure) is, that when the Body has a Velo- 


city encreas'd (for example) double at one Time of what it had at another, it 
will diſplace twice the Number of Particles, (that is, twice the Quantity of 
Matter) and drive each Particle twice as far, which therefore muſt make the 


Receſs of the Fluid (or of the ſoft Body) to be four Times greater; that is, 


as the Square of the Velocity of the Percutient; tho? the Motion given to 
each Particle be but as the Velocity of the Percutient. D 
To make this clearer, let us gonſider how Water acts upon the Ladle- 


Board of the Wheel of an und@Wſhot Mill. When the Water iſſuing out at 


the Ajutage, or Diſcharge at the bottom of the Sluice, ſtrikes againſt the 
Float Board, (or Ladle- Board) and in working the Mill produces a certain 
Effect: if that be obſerv'd, and afterwards the Head of Water in the Mill- 
Dam being four times higher“, the Water comes ont of the fame Ajutage 
with twice the Velocity that it did before, we find that the Effect of the 
Wheel is four times greater than before, (following in Proportion of the 


Square of the Velocity of the iſſuing Water) we muſt not ſay in general, that 


the Water ſtriking; acts according to the Square of its Velocity, and conclude 
from thence, that the Stroke of percutient Bodies is as the Square of their Ve- 
locities. For when we conſider this Caſe rightly, we find that as the Water's 
Velocity is double, there are twice the number of Particles of Water that iſſue 
out, and therefore the Ladle-Board is ſtruck by twice the Matter, which 
Matter having twice the Velocity that it had in the firſt caſe, the whole Effect 
muſt be quadruple, tho? the inſtantaneous Stroke of each Particle is encreas'd 
only in a fimple Proportion of the Velocity. Now, if inſtead of the Water 
ſtriking againſt the Ladle-Board, we ſuppoſe the Ladle-board to move agairſt 
the Water, we-ſhall find that the Reſiſtance cf the Water to the Ladle Board 
will only be as the Square of its Velocity, becauſe with a double Velocity the 
Ladle-Board will remove twice the Number of Particles of Water, and dath 
each Particle twice as far. So that tho' the Reſiſtance be quadruple, it is only 
becauſe there are twice the Number of watery Particles put into Motion, and 
each of them moved with twice the Momentum, (here call'd) Force, as the 


Velocity of the percutient Body is twice as great. If we conſider the Im- 
preſſicos 
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A, there is no need of transferring it to B, and then to C, and then to D, 
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preſſions made by Solids on Toft yielding Subſtances in this Light, all the Dif- Annotat. 


ficulty will be cleared up. | 

Tnvs, which ever Opinion we make uſe of, provided we conſider the dif- 
ferent Definition of the Word Force, we ſhall find that the Effect of the Wa- 
ter working an under-ſhot Mill, will be proportionable to the Square of the 
Velocity of the Water ſtriking againſt the Ladle-Boards of the Wheel; and 
that whatever Diſputes there may be about Words not well underſtood on 
either ſide, a Mill will be built in the ſame Manner, and be of the ſame Ad- 
vantage in the Uſes of Life, which way ſoever the Word Force be defin'd. 

To conclude my Conſiderations upon this Subject, I will ſhew the Fallac 
which has induc'd ſome People to believe, that Bodies that fall by the Force of 
Gravity are ' accclerated with mere Difficulty, than Bodies that are thrown up- 
wards are retarded by Gravity; becauſe I have known ſeveral ingenious Gen- 
tlemen make uſe of this Aſſertion in favour of the new Opinion; but when 
rizhtly explain'd, it does not want or 0D Support. 

Trts is their way of arguing—< When a Body begins to fall the Cauſe 
« of Gravity acting upon it, from Reſt puts it into Motion, and gives it (for 
« example) one Degree of Velocity; then, to give a ſecond Degree of Velo- 
city to the Body now in Motion, the Cauſe of Gravity muſt be carried after 
„the Body with the fame Velocity that the Body moves, otherwiſe the Body 
would receive no Impreſſion from it. Juſt as a Man who ſhould ſtrike a 
« Ball forward with his Hand, and give it one Degree of Velocity, cannot 
« ſtrike it again in the ſame Direction, unleſs ſome Power carry the Man for- 
« ward as ſwift as the Ball, in which caſe the moving Ball being at reſt in 
reſpect to the Man, he may ſtrike ic again, and add to it as much more 
« Velocity as he gave it at firſt. But when a Body is thrown upwards, ic 
continually meets the Cauſe of Gravity, which gradually deſtroys its Mo- 
tion, and needs no other Help to put it in a condition to act upon the Body 
* which continually meets it, till all its Motion is deſtroy'd.“ 

THis would be true if the Cauſe of Gravity was an Impulſien, which ſome 
have ſuppoſed, thinking it to be Sir Jaac Newton's Opinion, bacauſe he ſays, 
when he declares his Ignorance of the cauſe of Gravity, at he bath conſidered 
Altraftion in a Mathematical manner, according to its Effetts, and not #s 
Cauſes, and that it may be an Impulſion for ought be knows. But we ſhall ſoon 
find the Fallacy, if we conſider Gravity abſtractediy as we ought to do, and 
take notice of its real Effects. 6 — 

Lr us fuppoſe A E to be a Line perpendicular to the Earth; that is, ex- 
tended in the Direction which Gravity acts in from A towards E. If a Body p 
being at reſt at A, is ſuppoſed to receive an Impulſion from the Cauſe of 
Gravity, fo as to put it in Motion with any Degree of Velocity towards E, 
tha: Cauſe of Gravity which gave the Stroke at A muſt be carry d towards B. 
8 it will not accelerate it, by adding any more Velocity to it, 

. | 2 | 

Tuis would be the caſe if the Action of Gravity was a Stroke; but ſince - 
Gravity (or its Cauſes, as they term it) exiſts as well at B, or C, or D, as at 


Se. 


# 
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Ahnnotat. Sc. to overtake the Body, and add to its Motion: for if you let go the Body 
Lect. VI. at B, or C, or D, inſtead of A, it will begin to move downwards with the 
GK fame Degree of Velocity, as well as ſetting out from A. And if you conſider 

Plate 8, Gravity acting either at A, B, C, or D, it will give the ſame Degree of Ve- 
Fig. 8. locity downwards to a Body at any of thoſe Points, whether that Body con- 

tains: à ſmall, or a great Quantity of Matter; or whether that Body has at 

that time any Velocity downwards, upwards, in any Direction ; or no Ve- 

locity at all: that is, whether the Body is at Reſt, or in any Degree of Motion. 

From hence it appears, that a Body acted upon by Gravity is juſt as eaſily 
accelerated as retarded. | : 

VN. B. In this Caſe I have not conſidered Gravity leſs at A than at E, be- 

cauſe A is farther from the Center of the Earth: it being ſufficient for my 

| © Purpoſe ro conſider it acting downwards with equal Force, as it doth near the 

a Surface of the Earth, | | | 


7; 7 Py Ant. 11. [36.4 general Calculation expreſs'd elgebraically.] Firſt of 
Fig. 9. all we'll ſuppoſe A and B to move the ſame Way, and let C expreſs the Ve- 
| locity of the following Body A, whilſt c expreſſes the Velocity of the leading 
Body B; whence the relative Velocity of the Bodies will be Cc, and the 
Sum of the Motions towards the ſame Parts will be AC Be: let the 
Velocity of the Body A after the Stroke, going the ſame Way that it went 
before, be call'd x: and, becauſe the relative Velocity of the Bodies remains 
the ſame before and after the Stroke, the Velocity of the Body B will be 
„ 1 Ci; for the relative Velocity of Bodies is equal to the Exceſs 
whereby the ſwifter Body outgoes the flower, therefore that Exceſs mult 
be C-. But ſince the Velocity of the Body A is now x, its Motion to- 
wards D will be Ax; and fince the Velocity of the Body B is x 4+ C—c its 
Motion the ſaine Way will be Bx+B C=Bc; and the Sum of thoſe Mo- 
tions will be equal to the Sum of the former Motions ; this is, A x +B x+ 
B C- 6 c, will be equal to AC+B S whence, by reducing that 
Equation, Ax T BIT AC—BC+2 Be; and x = E 
Sto the Velocity of the Body A. Moreover the Velocity of the Body B is 4 


AC—B+z2Bc AC—BC+2Bc+AC+BC—-Ac'—B: 
E2BE þ Come = SEA CE EACH EDA: 


+ = — 


2 


8 2 5 = "4 3 
* . a * 2 * 9 


Ir B C be greater than A C + 2 B c, then will x, or POOES Ct 
will be 


become a negative Quantity, therefore the Velocity of the Body A 


directed the contrary Way, and its Motion towards D will be negative. If the 
Body B be at Reſt; that is, if c be = o, the Velocity of the Body A after the 


Stroke will be + 


or — will prevail. | ; 
Ir the Bodies A and B, with the Velocities C and c, aad contrary Directions, 


ſtrike one another directly, their Motion towards the ſame Parts will be A 
f . 7 2A 


AC—BC 


3 forward or backward, according as the Sign + 


| 
Xx 
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—Ac; and the relative Velocity of the Bodies will, be Cc. Now let x Annotat. 
expreſs the Velocity of the Body A after the Stroke; its Motion the ſame Way Le&. VI. 
as before will be A x; the Velocity of the Body B will bex + C4, (or-! 
the relative Velocity of the Bodies is not chang'd by the Stroke) and the Mo- plate 8. 
tion of the Body B toward D will be BK ABC -B e; whence the Sum of the Fig. g. 1" 
Motions the ſame way will be AK TB + BC — Be, which (by Rule 1.) will | 


be equal to A C—-Bc, and therefore it will be Ax+Bx=A C-BC- 
AC—B C--2Bc | 


2 Be, and x =—F— and the Velocity of the Body B will be 
AC—BC—z2Bc _ AC—BC—2Bc+AC+Acr +BC+Be 2ACTAc -B 
ß r 


If BC +2 B c be greater than A C, the Motion of the Body A will be 
backwards towards the contrary Part, in which Caſe x NR 
vill be a negative Quantity. | | 7 80 


Several of theſe Conſtructions were originally Sir Chriſtopher Wrenn's, and. 
Chriſtian Huygens's, and further illuſtrated by ſome Demonſtrations and Calcula-+ 
tions of Dr. John Keil; from whom alſo I have taken great Part of theſe Aunota- 
tions relating to the Congreſs of Bodies. 05 ede 
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1. HE Science of Hydroftaticks conſiders the Effects of the Gra- 
vity, Preſſion, Reſiſtance, and Motion of fluid Bodies; whe- 
15 ther they are incompreſſible “, as Water, or compreſſible, as 
Air: as alſo the Action of Solids on Fluids, and Fluids on Solids. 

A Fluid is a Body that yields to any Force impreſs'd, and whoſe 
Parts by yielding are eaſily ſeparated from one another. . 


2. All the Parts of a Fluid are heavy at all Times and in any Situation; 
which it would be unneceſſary to mention, fince all Matter is heavy, if 
a great many Perſons had not affirm'd, and given out as an Axiom, that 
Elements do not gravitate in their own Places ; as for Example that, Air 
does not weigh in Air, nor Water in Water, &c. This Notion is built 
upon this Conſideration, viz. that when we draw up a Bucket of Wa- 
ter out of a Well, the Hand holding the Rope does not feel the Weight 
while the Bucket in the Well is under Water, but feels the whole 
Weight of it when it is brought up above the Surface of the Water in 
the Well. Now the Caſe is this; when the Bucket full of Water is 
under the Surface, the other Parts of the Water, (ſuppoſe ſo many ima- 
ginary Buckets full at the ſame Height as the Bucket) endeavour to de- 
ſcend as well as the Water in the Bucket, and with the ſame Force, as 
ſo many Counterpoiſes to the Bucket, and therefore do not permit it to 
deſcend, which is the Reaſon that the Hand does not at that Time 
feel the Weight of the Water in the Bucket. So that, tho' the Bucket 
of Water weighs in Water, it does not preponderate or over-weigb in 
Water. Thus, if one Pound be placed in one Scale of a Balance, and 
another Pound in the other, no Man can ſay the firſt Pound does not 
weigh, becauſe it does not deſcend or overweigh the other. But to 
take off all cavilling, this Matter will be ſet in a clear Light by 


EXPERIMENT 1. Plate 8. Fig. 10, 


3. Ox the End B of one Arm of the Balance AB is ſuſpended a Cop- 


per Ball C holding about a Gallon; after it has been exhauſted of its Air 1 
| the 
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the Air - Pump by its Cock: and having laid upon it the little Weight Lect. VII. 


p of the ſixth part of an Ounce, a Counterpoiſe P. muſt be placed in 


the other Scale to make an Aquilibrium. Then turning the Cock of 
the Ball, let in the Air, and the Ball will become ſo much heavier, that 
you mult take off the little Weight p, to reſtore the Æquilibrium. 


3. Tuts ſhews chat Air weighs in Air, a Gallon of Air weighing 
about the 6th Part of an Ounce, . 


4. That Water weighs in Water, is ſnewn by 


| EXPERIMENT 2. Plate 8. Fig. 11. 


C is a hollow Glaſs Ball holding about half a Pint, with a Braſs Plate 8. 
Cock to it, and ſo heavy, that when empty it will fink in Water. Ex- Fig. 11. 
hauſt it of its Air, and having, from the end A of the Balance A B, ſuſ- 
pended it under the Surface of the Water WW ia the Jac I, make an 
Equilibrium to it in the oppolite Scale at P. Now, upon turning the 
Cock of the Ball under Water, the Water will ruſh in to fill the Place 
that had been exhauſted of Air, and the Ball will overweigh the Coun- 
terpoiſe P, as much as the Weight of the Quantity of the Water in the 
Ball. Which ſhews that Water weighs in Water. 


. 


5. In order to facilitate ſeveral Demonſtrations and Explications of 
Phænomena in Hydroſtaticks, we are to ſuppoſe a Fluid in a Veſſel cut 
by ſeveral horizontal Planes, or imaginary Surfaces below the real Sur- 
face from Top to Bottom. As for Example, if the Veſſel NK (Plate plate 8. 
8. Fig. 12.) be filled up to AB, and you imagine the Water to be pour'd Fig. 13. 
out as far as CD, as you do not actually do it, CD is not a real but an 
imaginary Surface. Such you may conceive at EF, GH, and fo any 
where between AB and IK. Likewiſe if Water be pour'd on as far as 
LM or NO, AB that was real, becomes now an imaginary Surface, 


6. BESIDES this imaginary horizontal Divifion of a Fluid, we are 
likewiſe to ſuppoſe the whole Fluid in a Veſſel to be divided into pers 
pendicular Columns, from the Top to the Bottom of the Fluid, either 
round or priſmatick of any Shape, according to the Surface of the Bo- 
dies preſs d upon under Water; as for Example, in the Veſſel DE (Fig. Plate 8. 
13.) Aa is a round Column of Water, preſfing upon a round Surface, Fig. 13. 
as a Piece of Money at a, Bb a ſquare Pillar preſſing upon a ſquare 
Surface as ö, and Ce a Triangular Pillar or Column preſſing upon a 
triangular Surface, and into ſuch Pillars we may ſuppoſe the whole 

Vor., II. O Fluid 


Lect. VII. 


Plate 8. 
Fig. 14. 
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Fluid divided, according as we have occaſion to conſider the Fluid's 


Preſſure upon different Bodies immers d, or upon different Parts of an 


imaginary Surface. * 
| "My PROPOSITION, I. * 
7. ALL the Parts of an homogeneous Fluid are at reſt. | 
„Lr us conſider in Fig. 12. the Fluid AK as divided into the 4 equal 
Parts AD, CF, EH, GK: as all thoſe Parts are heavy *, and GK is 
at Bottom; E H having as much Matter, but no more Velocity than 
G K, has no more Tendency to go down than G K, and therefore can- 


not diſplace G K, but muſt remain upon it prefling it with all its 
Weight: thus CF. will preſs upon, but not diſplace E H; the ſame 


may be ſaid of A Din reſpect of CF. So that tho' the upper Parts 
| preſs upon the lower, they cannot diſplace them or give them any Mo- 


tion; contrary to what Carzeſius affirm'd, viz. that Fluidity confilted in 
a due Motion of the Parts. Hence follows alſo, that the higher the 
Fluid is in a Veſſel, the more the Bottom of it will be preſid. _ | 


 PRoPosITION II. 4 


8. Tur real Surface, and all the imaginary Surfaces of a Fluid, are 
equally preſs'd in all their Parts, Plate 8. Fig. 14. | 


LEr SS be the Surface of a Fluid, as Water, in the Veſſel ABC; 
and let us conſider that a Column of Air, as a SS e, preſſes from the 
Top of the Atmoſphere down to the Surface 8 S. Now, if this Column 
of Air be divided into two Semi-Cylinders by a Plane paſting along the 
Line r 9, that which preſſes on the half S 9 of the Surface 8 8, being 
equal to that which preſſes on the other half 4 8, the whole Surface 
will be preſs'd alike on both its halves. Likewiſe if you ſuppoſe the 
Column of Air divided into any Number of equal Columns, they will 
every one preſs alike on that Baſe, or part of the Surface on which they 
ſtand. Likewiſe 1 fay, that the imaginary Surface 3 is preſs d in all is 
Parts alike. The half Column @ For is made of Air with a piece of 
Water at Bottom as So; and the other half Column ; is likewiſe 
made of a Semi-Cylinder of Air, with the Water 9 at its Bottom. 
Now, fince theſe Semi-cylindrick Pillars are each of them the half of 
the whole compound Column @ 5s e, they muſt preſs equally each up- 
on the Baſe which they ſtand upon; and ſo would any Number of 


Columns upon any Number of equal Baſes into which the imagi- 
nary Surface 1s divided, 8 | 


Cool 
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Conor ARY. Lect. VII. 
9 Hence follows that the Surface of a Fluid will always have a — 
horizontal * Poſition when left to it ſelf, and if any part of it be put * Ann. 2. 


out of that Situation, it will return to it again. | 
EXPERIMENT 3. Plate 8. Fig. 15. | 


Having immers'd the Tube 1 in the Water 55 of the Veſſel ABCD Plate 8. 
up to its Part a, put your Thumb upon its Part 1, and lift up the Sur- Fis 5. 


face of the Water in the Tube à to above 65, the Surface of the Veſſel or 
Jar. As ſoon as you take off your Thumb, the Water in the Tube will 
ſubſide, and after ſome Vibrations ſettle at the Surface 36. For if the 

Water continued at @, the Surface 3 wou'd in that place be more 
preſs d by a Column of Air, having at Bottom the piece of Water @ 5, 
than by the reſpective Columns of Air of the ſame Diameter, which, 
without any Water join'd to them, preſs upon the correſpondent Parts 
of that Surface: Therefore the Surface will yield under a, till the Wa- 
ter in the Tube deſcends'to 4 5. For the ſame Reaſon the Water in 
the Tube 2, whoſe Surface may be kept at 5, while the Thumb is upon 
the Mouth 2, will not continue in that Place as ſoon as the Thumb is 
taken off, but riſe up to 45, becauſe the imaginary Surface E / will be 
leſs preſs'd at 6, than in any other part of it, as long as the Water con- 
tinues every where below 5s 5;"'otherwiſe, the imaginary Surface in the 
Plane mn is more preſs d at mz by the Column. s n, that at ꝝ by the 
ſhorter Column 35, the other Columns alſo in the whole Veſſel above 
the faid imaginary Surface, having their Length and Preſſures. as s u; 
conſequently they muſt puſh up the whole Fluid, till it riſes in wy 
Tube 2, up to the common Surface s s, to make the Preſſure equa 
upon every part of the imaginary Surface m n. This will be further 
fiewn bythe following 8 

ExPERIMENT 4. Pl. 8. Fig. 15. 

Takr a Tube of about an Inch: Diameter, as 7, and having tied a 
flexible piece of Bladder to its Bottom, fill it with Water up to g. 
and immerging its End in the Jar below the Surface 55, the Water will 
puſh out the Bladder at the Bottom of the Tube into a Convexity, which 
ſhews that the imaginary Surface under the Bottom of the Tube is 
prels'd downwards; but if the Surface of the Water in the Tube be 
brought down to the Surface in the Jar 4, the Bladder will be even 
at the Bottom of the Tube, as 8, which ſhews the Preſſure on that 
part of the imaginary, Surface to be neither greater nor leſs than in any 
other part; but if the Sutface of the Water in the Tube mark'd-6, be 
brought to / below the Surface 8 7, the Bladder at the Bottom — 
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Lect. VII. Tube will riſe concave, which ſhews, that in that Place the imaginary 


—— Surface is leſs preſs'd than in its other Parts, becauſe the Water riſes 


Plate 8. 
Fig. 16. 


Plate 8. 
Fig. 17. 


is at h even with the Surface of the Jar, Numb. 5. 


upwards. The lateral Preſſure does alſo act in the ſame manner, as a 

pears by tying a Bladder to a Tube cut obliquely, where the Bladder 
riſes concave, the Water being at c in the Tube 3, but is convex, the 
Surface being at 4 Number 4, and flat at Number 5, when the Water 


PrRoPosITION III. 


10 FLuiDs preſs differently from Solids ; for whereas Solids prefs 
only downwards, Fluids preſs every way, as appears by 2 


ExPERIMENT 5. Plate 8. Fig. 16. | 


On a Plane repreſented by the Line P, lay a Drop of Water, as 
a6; then if you preſs it with your Finger, it will not only act on the 
Part c under it, but it will ſwell out and flatten ſo, as to act equally on 
the Parts at a and &; but if that Drop of Water was frozen, or inſtead 
of it there was a round Body, as for Example, a Shot of Lead, then the 
Preſſure would only be on the Part c, and the Re- action upwards 
againſt the Finger. 


Drrixrrrox. Fig. 17. 


11 Specifick Gravity is next to be conſider'd and explain d. One 
Body is ſaid to be Precifically heavier than another, when it contains 
more Matter than another under the ſame Bulk; as for Example, the 
Cube of Lead A contains more Matter, than the Cube of Wood B; 
or when it contains as much Matter under a leſs Bulk, as when the ſaid 
leaden Cube A weighs as much as the large wooden Cube C. This is 
alſo call 'd the Denſity of a Body. We | 


ExPERIMENT 6. Plate 8. Fig. 18. 


FiLr. the Jar ABCD up to 8 8 with Water, a little ting'd with red, 
ſo as not to loſe its Tranſparency; then having taken up from the Jar of 
Oil of Turpentine of Figure 19. the Column of Oil n, plunge it into 
the Jar of Figure 18, and the Oil will ſtand at #2 above the Surface 8 8, 
one tenth Part of the whole Column m », when you have taken off 
your Thumb. The Reaſon is, that as the imaginary Surface s 5 muſt be 
preſs d in all its Parts alike, the Column of Oil n being ſpecifically 
lighter than Water, muſt be taller than the correſpondent Columns of 

Water as o p, in order to weigh as much; and by that difference of 
Height is found the comparative ſpecifick Gravity of the two F 3 5 
2 8 | —_ 


. 


For— As the height of the Water: is to the height of the Oil: : fo is Lect. VII. 
the ſpecifick Gravity of the Oil: to the ſpecifick Gravity of the Water. 
Tux if ABCD (Fig. 19.) be fill'd with Oil of Turpentine up to Plate 8. 

88, op will repreſent the Columns of Oil, and n muſt be Water ting d Fs: 19. 
with red to make it diſtinguiſhably viſible, which in that caſe will always 

ſettle one tenth of the whole Length lower than 8 8, the Surface of 

the Oil. And here will be found the ſame reciprocal Proportion be- 

tween the ſpecifick Gravities of the two Fluids and their Heights. 

That is N: is to p o:: as the ſpecifick Gravity of the Oil: is to that 

of the Water. If the Oil in Fig. 18. be put down lower than m (as 

fo Example, as low as the Surface SS) it will always riſe up again to m; 

and if it be higher than , the Oil will come out at = the Bottom of 

the Tube, tho the Drops of Oil riſe again up to the Surface of the Wa- 

ter . On the other hand, the red Water in the Tube at Fig. 19. tho' + Ann. 3. 
it be raĩs d up from m to 8 8, will always come down again to m, the 
Overplus going out at the Bottom of the Tube at u, and dropping 

down thro' the Oil to the Bottom of the Veſſel or Jar. 


r n 


| Porostr 10 IV. pag] 
12. Fiuids preſs in all manner of Directiom, and that with a Force 
proportionable to the Height of the Fluid. | 


EXPERIMENT 7. Plate 8. Fig. 20. 


Ir ſeveral Tubes, of different Figures, ſuch as 1, 2, 3, 4, haye their Plate 8. 
lower Ends immerg' d below SS, the Surface of the Water in the Veſſel Fis. 20. 
AB CD, the Water coming in at their lower Ends in different Di- 
rections, will rife up to the ſame Height, viz. up to SS in every one 
of them. If Oil be ſuſpended in the Tubes before they are immeryg'd, 
upon the Removal of the Thumb from the Top of the Tube, the Oil 
will riſe up in every one of the Tubes to the ſame Height, but above the 
durface of the Water, in proportion as the Oil made uſe of is ſpecifically 
lighter than Water. If the Veſſel be fill'd with Oil, and colour'd Wa- 
er be uſed in the Tubes, the Experiment will be the plainer, the Wa- 
ter riſing equally high in all the Tubes, but not ſo high as the Surface 


of the Oil in the Veſſel, in proportion as Water is ſpecifically heavier 
than that Oil. 


6 
| 


 PRoposITION V. 


23. Tus ſeveral Solids that ſwim in Water, have their ſpecifick Gra- 
"ues as their Parts immers d. b us 01 
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EXPERIMENT: 8; Plate 8. Fig. ·. 
TAkx two Cylinders of Wood equal in Diameter and Height; for 
example, 10 Inches long, and one Inch in Diameter, the one as F /, 
made of Fir; and the other as Oo, of Oak; and immerging their Ends 
in the narrow tall Jars of Water A B and CD, they will fink differently, 
according to their ſpecifick Gravities, F/ ſinking only the Depth 8% 
while O o finks the Depth /o; the ſpecifick Gravity of Fir: being to 
that of Oak: : as 8 /: is to /o. All forts of Wood, which are ſpeciti- 
cally lighter than Water, may be thus tried. N dove | 


* 


Wurm a lighter Fluid preſſes upon a heavier, if any Part of the Sur- 
face of the heavier Fluid be freed from the Preſſure of the lighter 
Fluid, the heavier Fluid will be preſs d up in that Place, and riſe up 
towards the Surface of the lighter Fluid, but ſhort of it in proportion 


as its ſpecifick Gravity is greater. | 
-\ EXPERIMENT g. Plate g. Fig. 1. : 
Ix ro the Jar AB pour-colour'd Water up toSS, and put the open 
Tube ef in the middle of it; then pour on Oil of Turpentine as far as 
5, and its Preſſure will make the colour'd Water go up into the Tube to 
f, where it will preſs upon the Surface 8 8, as much as the Oil would 
have done in the Tube, if it had fll'd it up to 6g: for if the Tube be 
lifted up ſo as to let the Water drop out of it, and then put down again, 
the Oil will come into it as far as 44. But if the empty Tube with the 
Thumb upon its Top be plung'd thro the Oil into the Water; upon 
taking off the Thumb, the Water will by the Action of the Oil be 
preſs d up to . Lakes 5 
EXPERIMENT 10, Plate 9. Fig. 2. 
Tux Jar CD having Quick-filver pour'd into it as far as 8 D, put in 
the open Tube g I; then pouring Water up to C to a Depth of 14 
Inches, the Quick-filver will, by the Preſſure of that Water, be rais d 
up an Inch in the Tube, 12. up to h, where it will preſs as much upon 
the Surface S D, as the whole Tube full of Water would do. Now 
let us ſuppoſe C D to be a Well, in which there is Water up to 8 D. 
and C to repreſent the Ait or Atmoſphere preſſing into the Well, and 
gb the Pipe of a Pump. If you draw out the Air from the faid Pipe, 
ſo as to prevent its preſſing ia it, the Water will riſe up to hᷣ in the Pipe, 
to preſs as much as the Air did before, the Height of the Water being 


proportionable to the Preſſure of the Air on the correſpondent * 
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the Surface. This is the Foundation of the raiſing Water by Pumps, as Lect. VII.” 
will be farther ſhewn “. 8 SO 032" 


> ., - PRoPosITION VI. 


- 14. A Body ſpecifically lighter than Water will always emerge, ſome  _. 
Part of it coming up above the Surface of the Water: but a Body ſpe- MY. 
cifically heavier will ſink in Water; and a Body of the fame ſpecifick 

Gravity as Water will remain at reſt in any part of the Water. 3 


Ann. 4. 


"EXPERIMENT 11. Plate . Fig. 3. 


TAKE a Cube of Oak 1, and having immerg d it in Water, fo that its plate 9. 
Top is in the Surface AB, and its Bottom on the imaginary Surface CD; Fig. 3. 
as ſoon as it is left to itfelf, it will riſe up to 3, becauſe when it is at 1, 
the imaginary Surface C D will be leſs prefs'd by the wooden Cube 
weighing (for example) half an Ounce, than by the Water whoſe room 
it takes up, which weighed an Ounce ;, but when the Cube is at 3, it 
only diſplaces a Bulk of Water of half its Bignefs, and equal to it in 
Weight; and it will remain in its Place, becauſe then that Part of the 
imaginary Surface under the Cube will be equally preſs'd, whether the 
Cube be there or not. If the Cube was at 2, the imaginary Surface 
E F would be leſs prefs'd under the Cube than any where elfe ; becauſe 
the Column 1, 2, would weigh leſs than a Column of Water of the 
ſame Bulk, the Cube of half an Ounce Weight diſplacing an Ounce of 
Water: fo that it will rife in the Direction 2, 1, till the Cube emerges 
above Water, as you fee it at 3. Now if there be a Cube of Lead of the 
ſame Bulk as an Ounce of Water, it will weigh about 11 Ounces, If 
ſuch a Cube be plac'd at 4, or at 5, the imaginary Surface CD, or EF, 
under it, will be mere preſs d in that Part than any where elſe, and the 
Cube will defcend in the Direction 5, 6: for as it weighs 11 Ounces, 
and the Water diſplac'd weigh'd but one Ounce, it muſt deſcend with 
the Force of 10 Ounces, the Difference between its Weight, and the 
Weight of an equal Bulk of Water. But if the Cube be of the ſame 
ſpecifick Gravity as Water, (as, for example, a Cube of green Box Wood) 
it will remain in any given Poſition ; becauſe, wherever it be plac'd, it 
4 not preſs the imaginary Surface more than the Water Which it 

iſplaces. > by | 


COROLLARY. | 7 
15. Hexce may be drawn a Conſequence, which ſeems to contra- 
dit it, but in reality is a Confirmation of, what has been prov'd; VIZ. 
That a Body ſpecifically heavier than a Fluid may be made to ſwim in 
| that 


V 


— 
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Led. VII. that Fluid; and a Body ſpecifically lighter may be made to lie at Bot- 


—— tom. See the following 


Plate g. 


Fig. 4» 


ExPERIMENT 12. Plate 9. Fig. 4. 


P is a Plate of Lead weighing 11 Qunces, and in Bulk equal to an 
Ounce of Water. By the String c d, faſten'd to it, let it down into the 
Water of the Veſſel 8 5 mn S, twelve times its own Thickneſs below 
the Surface SS, (which here will be fix Inches, the Plate being half an 
Inch thick) to bear on the imaginary Surface Pn. In this Caſe, the 
imaginary Surface will be unequally preſs'd; for at & the Column Q 4 
may be conſider d as made up of 1 1 Half- Inch Plates of Water, weighing 
each an Ounce, and the Plate of Lead at Bottom weighing 11 Ounces, 
o that the whole compound Column will weigh 22 Ounces : whereas 
other Columns of the ſame Baſe, SPQ, bearing on equal Parts of the 
imaginary Surface above-mention'd, as they are made wholly of Wa- 
ter, (that is, 12 Plates of Water of the Bigneſs of P) will weigh but 12 
Ounces ; and conſequently the Surface will yield at P, and the Plate fall, 
But if by any Inſtrument (fuch as A d made of a Tube ſcrew'd to a 
Cupping-glaſs) the Water be kept from preſſing at top of the Plate P, 


then the Column Q P 47 will be chang'd into the ſhort Column P 4, 


which, inſtead of 22 Ounces, weighs but 11, and will be puſh'd up by 
that Part of the imaginary Surface under it; fince all the other corre- 
Apondent Parts of the ſaid Surface are preſs'd more; viz. by Columns of 
Water weighing 12 Ounces, The Way to make the Experiment is to 
have the Plate P cover'd with wet Leather, and held hard againſt the 
lower Edge of the Cupping-glaſs by the String c Ad, till the Plate P 
is immers'd 12 times its Thickneſs under Water, or deeper, when the 
Plate will ſwim, being puſh'd upwards without any help from the 
String. But if you ſhould let go the String before that Depth, the 
late would come off, and fall as at p; becauſe then the imaginary 
Surface s would be more preſs'd by the Plate p alone, than by any 


* Ann. 5- other correſpondent Column of Water, ſuch as 7 zy 2 *, 


Plate 9, 
Fig. 5. 


To the Bottom of the little Jar AM gg M, Fig. 5. is cemented a 
GlaſsPlate g gz then a ſhort Cylinder of Ivory I I, by a Wire faſten d to 
its Middle, is laid cloſe on the Glaſs Plate, and held down till Quick- 
filver be pour'd on over the Ivory up to MM. Upon taking off the 
Finger from preſſing the Top of the Wire at K, the Ivory, tho ſpecif- 
cally lighter than Mercury, will remain at Bottom, becauſe the cloſe 
Contact of the Ivory with the Glaſs excludes the Mercury from inſinuating 
itſelf under to puſh it up. For if by moving the Wire at K, one fide of 
the Ivory be ever fo little lifted up, the Mercury will immediately ge! 


under, 


A Courſe of | Experimental Philoſophy. ror 
under, and make the Ivory ſwim at top. If then the Ivory be preſs'd Le K. Vir. 4 
down again thro' the Mercury, ſo as to apply itſelf cloſely to the Glaſs ,. 


and exclude the Mercury; it will remain at bottom, Thus will Cork 
be made to lie at the Bottom of a Jar of Water, as appears by 
| | p 8 21 Experiment 13. Plate 9. Fig. 5% ain OI A * 

Ar the Bottom of the Jar A is fix d a'Brafs flat ſmooth Plate as , a Plate g. 
little oil'd at top. Then with the Machine A 4 of Figure 4, is to be Fig © 
puſh'd down to the above- mention d Plate the round Cork C, which 
has a ſmooth Braſs Plate oil'd fix d to its under fide. When the two 
Plates are together, ſo that Water cannot inſinuate between them, fill 
the Jar with Water up to 8 8, and the Cork will remain in its Place at 
Bottom. But if with a Stick you move the Cork aſide, that the Water 
may puſh up under it, the Cork will immediately riſe to the Top. 

OY + e VAL. . +: 


FLvips in different Receptacles, as Lakes, Ponds, Wells, or Veſſels 
of any kind, will ſtand at the ſame Level if they communicate with 
each other. | mad 2600: 75 1 Ma | 


ExPERIMENT 14. Plate g. Fig. 7. 


InTo the middle of the Bottom of the Glaſs Cup AB communicating plate g. 
by a fide Pipe, Cock and Joint, with the upright Glaſs Tube DE} Fis. 7. 
ſcrew the Glaſs: Tube GB bigger in Diameter than DE; then pouring 
Water in at G up to H, it will riſe up to the ſame Height I in the Tube 
DE. Let the Tube DE be mov'd on its Joint towards F, and the 
Water will riſe to F, where the Quantity of Water F m, tho greater 
than / I, will preſs no more than II, becauſe the Line M F may, in this 
Obliquity of the Tube, be conſidet d as an inolin d Plane, which takes 
away from the abſolute Gravity of a Body in proportion to its Inclina- 
tion *, as has been ſnewn . Shut the Cock C, after having thro G * Ann. 6. 
fll'd DE vp to Iz then ſerew out the Tube G H, and fl the Cup to 7,'* # N*: 
SS. As ſoon as you open the Cock to make a Communication between 
the Tube DE and the Cup, the Water in the Tube will ſubſide from 
I to i, raiſing the Water at 88, till both are level, tho' the Water in 
the Cup be 3 or 400 times more in Quantity than that in the Tube; 
which confirms what we have ſaid, viz. that Fluids preſs according to 
their Height, and not their Quantity. So that in the Glaſs Cup you are 
only to conſider in the Middle a Column of Water of the ſame Dia- 
meter as Ii for its Counterpoiſe, while the other Columns which make 


the reſt of the Water in the Cup, are ſupported by its Bottom. : 
Vor. II. | P | 16, 


' 4 5 ' | * , * a * 1 F | . K * 
4 * 
| \ 
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Lea, VI. „ dies al e S469 owl 23 an bas hne 
— 16. Tuts is the Foundation of the famous hydroſtatical Paradox, ws, 
that / there be ſeveral Veſſels, as AB C D, EcdF, and Hie, 
Plateg, (Fig. 8.) of the ſame Baſe, and the ſame Height,; but, 4 very different 
big. 8. Contents, fill'd full of Water, all their Bottoms will be equally preſs'd, 
Let A D contain a Pint, which weighs a Pound; E d contain a Quart, 
which weighs two Pounds, and h c half a Pint, which weighs balf a 
Pound: I ſay, the Preflures upon the Bottoms C D, c d, c d, will be the 
ſame. And firſt we will ſhew it of the Veſſels A D and E d. If in the 
Veſſel E 4 we conſider the Cylinder of Water ac d perpendicular over 
the Baſe, that Cylinder is equal to, and as heavy as, the Cylinder of 
Water in A D, and conſequently. preſſes neither more not leſs. If you 
ſuppoſe the reſt of the Water round about the top of this Cylinder at 
E ma, and Fx b, to be frozen, the Caſe will not be alter d; fot then the 
Ice will make up Part of the Veſſel. Now if we ſuppoſe the Water 
thaw'd again, but unable to come within the Cylinder a d, its Preſſure 
will not be alter d, becauſe that Cylinder will neither be higber nor 
denſer from any lateral Preſſure of the Water round its Top; nor will the 
Fluid be put into any Motion by that Communication, as has been 
ſhewn. And as Water is not compreſſible, if any Part of the lateral Water 
ſhould be by any means puſh'd into the Cylinder a d, that could not be 
| a done without puſhing out as much of the Water of the Cylinder, which 
. would no way alter its whole Weight acting upon the Baſe. Therefore 
| only that Cylinder preſſes upon it, while the reſt of the Water is ſup- 
ported by the Sides of the Veſſel EM Fin. ; f 
IT is not fo eaſy to ſhew how the half Pint of Water in the Veſſel! 
h c will preſs as ſtrongly as the Pint of Water in the Veſſel AB; but we 
will explain it ſo many ways as to give Satisfaction to ſeveral Readers. 
Ir the Bottom of the Veſſel is ſuppoſed to move upwards from © d to 
e f, the Water being then no higher than g, the Water will riſe in the 
ſame time from g to b, with a Velocity reciprocally proportionable to the 
Quantities of Water contain'd between c d and &f; and between g and 
i E; which Quantities of Water will have the ſame Momenta, according 
« . 2. N. 4, to mechanical Principles &. If, inſtead of g, the Water is vp at 6, 
' while the Bottom is ſuppos d to riſe, the Velocity of the Water iſſuing 
at h will likewiſe be ſo much greater in proportion to its Quantity, as to 
refit as much as the Top of the Water in the Veſſel A D, whoſe Velocity 
would be as much leſs, as its Quantity of Matter would be greater: 
Conſequently, as Action and Re- action are equal, the Bottom c dmuſt be 


as much preſs d bythe Refiſtance of the Waiet at h; tending to go out with 
a great Velocity at 5, as by the Reſiſtance of the Water, tending to = 


: 3 


— 


s a2 Ye ban > * 
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out of the Veſſel AD, at A B, with a Velocity ſo much leſs as the Let. VII. 
Section of the Veſſel AD at AB is greater than the Section of the S—— 
{mall Veſſel at b. Ati 10 Shu i to gde (1 Bis dib Kein T e ! 

one, "Plate g. Et. g 
Tuts may be. illuſtrated by repreſenting the Columns of Water in Plate g. 
the two Veſſels by Glaſs Tubes, If 12 Glaſs Tubes a-Foat long, us G. be 8.9. 
taken to repreſent the Water in the Veſſel AD, and: ii Tubes fix Laches 
long, with one in the Middle 12 Inches Jong, as % cd L, be taken to 
reprefent the Water in the Veſſel, þ c, and theſe two Parcels of Tubes be 
placed in the different Scales of a, Balance, to repreſent a Pint of Water 
contain d in A D, and half a Pint of Water contain d in b will cer · 
tainly overweigh the Tubes in the oppoſite Scale hy half a Pound. But if 
you take leaden flat Plates with an Hole in them, (as II) and put them 
on upon the middle Tube H at a 5, till there be ſo many on as amount 
to half a Pound; then the compound Maſs of 'Glaſs Tubes and leaden 
Plates will make an Equilibrium with the Tubes in the oppoſite Scale G. 
Then if you take off all the leaden Plates from L but one, and hold your 
Hand over it, as is repreſented at$ c d, tho the oppoſite Scale hanging at 
B, with the Tubes G, will preponderate, yet will not the Scale at the 
End A be fuffer'd to riſe, becauſe the Hand keeps it down. Now the 
Plate being held down does the fame thing as 7 I, the ſolder d Top of 
the Veſſel h c Fix. 8. Further, if you confider the Columns of Water in 
the Veſſel of Fig. 10, it is plain that the middle B of the Baſe 4 C is 
r. as much by the Column A B, as if the whole Veſſel was a Cy- 
inder, as @ C; but it does not at firſt appear that the other ſhort Co- 
lumns, as @ C, preſs as much as A, till you conſider as follows. Su 
poſe an Hole to be in the Top of the Cylindrick Part of the Veſſel, as at 
c, it is evident that the Water pour'd in at A would come.up to D, if 
there was a Tube to carry it up. Now let c be ſhut by the Cover c d, 
and the Water will act upwards againſt it with a Force equal to the Co- 
lumn of Water, as c D: and fince Re-action is equal to Action, the 
Top of the Column e C will be prefs'd downwards with the Force of the 
Column De, which Preflare, added to the Preflure of the Column of . 
Water c C, will make the whole Preſſure equal to the Preſſute of the | 
Column AB. The ſame may be ſaid of all the other ſhort Columns, 
which, by the Re- action of the Top dic, will act as if they reach'd up 
to a D, and the whole Veſſel was a Cylinder. | 
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Turs Action and Re- action of the Surface of the upper Part of the 
Cylinder 4 c, (Fig. 10.) may be further iHuſtrated, by conſidering the 
ſpherical Figure of the Particles of Water. Let TV twx (Fig. II.) 


© repreſent the Veſſel above- mention'd: the perpendicular Column of Par- 


— — —— — — —— —— —— — — 
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ticles T 7'preſſes' the horizontal Column of Particles ? u, towards u and 
V, in proportion to the Height of T: 7 « preſſes the Particles u * 
upwards againſt x, with the Force of ? T minus the Weight of *] that 
is, with the Force xy, with which the Water would rife up, if there 
was an Hole at x. Now let the Bottom of the Veſſel, which was in 
the Line BB, be remov'd to Z w, and then uh will prefs the Particles 
u 10 againſt w with the Force of Tr, which added to the Preſſure of 
. the ſhort Column w will give a Preſſure on w, as TFP Au 
to T7 + 70, the Preſſure of the whole Height of the middle or high- 
eſt Column of the Veiel. i amuy mod Dry nor e HAT Of 
For a mechanical Solution, make the following 


_ ExPERIMENT' 15. Plate 9. Fig. 12. - 
Join together the recutve Cupping-glaſs mz, and the Tube oe, by 
a Braſs Joint I, ſo that the Tube and Cupping-glaſs may be parallel, 
or make any. Angle with each other, as at Figure 13 and 14. where 
we have not drawn. the Joint, but only ſuppoſe it. An Inch of Water 
at co in the Tube will keep in AÆquilibrio an Inch of Water in the 
Cupping- glaſs at mu, tho' twenty times greater in Quantity, becauſe 
if the Water in the Cupping-glaſs deſcends from the Level @ C top d 
one Inch, the Water co in the Tube will riſe to e F twenty Inches in 
the ſame time, having the ſame Momentum as n; becauſe thoſe Quan- 
tities of Water have their Velocities reciprocally proportional to theic 
Matter. Therefore the Water will be at reſt, equal and contrary Forces 
deſtroying each other. In Figure 13. if the Water moves laterally from 
a b toc d, the Surface of Water in the Tube at g h will go toe % with 
as much more Velocity as it has leſs Matter, and conſequently as much 
Momentum. or Force. | * | 


_ LasTLY, in Figure 14. where the Tube and Cupping-glaſs are te- 
duc'd to the Form of the Veſſel h c d of Fig. 8. it is plain that if the 
Water of the Bottom @ b riſes up to c d, it will make the Water of g / 
riſe up to e f with ſo great a Velocity as to have a Momentum equal to 
that of a ö. And this is the Reaſon why the Water in the ſmall Tube at 


top (fee A, Fig. 10.) will by its greater Velocity preſs as much down- 
. 1 wa 
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wards towards the Bottom, as a Column D d of the Diameter a D, with Lect. VII. 
a Velocity proportionably leſs. This will be made very ſenſible by * 


EXPERIMENT 16. Plate 9. Fig. 15, 16, and 17. 


Tun Machine for the Experiment is ag follows. A (Fig. 15.) is an fiat 9. 6. 
hollow Braſs Cylinder of 2: Inches Diameter bored ſmooth on the In- and 17 hs 
ſide with a flat Bottom, having only a ſmall Hole to open and ſhut ats 
upon occaſion. 8 is an Iron Screw to ſcrew into a Board, as BX, (Fig. 

16, and 17.) to bring down the Bottom cloſe to it. There is a Braſs 
Piſton, as C D, made of a Shank Co, a Braſs Plate Cee ſcrew'd to 
another Plate ſomething wider, as D, with an oil'd Leather between 
them e e, whoſe Office is to fold upwards, when the Piſton is in the 
Cylinder, ſo as to let no Water ſlip by, or come down to the Bottom of 
the Cylinder, and run out at the Hole s, which muſt be left open in this 
Experiment. The Braſs Cylinder being ſcrew d to its Board, as at A B, 
Fig. 16. the Piſton C is put into it, and the Wire G O is ſcrew'd to its 
Top o, after which the Cover B E being put over the Wire, the 
Braſs Tube Fe is ſcrew'd on at E, and Water pour'd in to the Top of 
the Tube, as in Figure 17, Then hooking one End of the Beam of 
a Balance to G, the Top of the Wire of the Piſton, put a Counterpoiſe in 
the Scale hanging at the other End of the Beam, till the Water juſt comes 
out at F, which ſhews how much the Water preſſes on the Piſton in the 
Cylindrick Box E A; Take off the Cover and Tube E D F, and in- 
ſtead of them ſcrew on a Cylinder of the ſame Height &B l, as on the 
16 Fig. on the Left of Fig. 17. and hang on the Scale Beam. Now 
tho' the Quantity of Water in the Cylinder be 10 times greater than it 
was in the Machine at Figure 17, yet the dame Counterpoiſe will raiſe 
the Piſton. Then take off the Cylinder, and ſcrew on the ſpreading Veſ- 
ſel, or truncated Cone B D, which holds 20 times as much Water as 
the Machine of Fig. 17. and ſtill the Water will preſs no more, but 
the Piſton will be rais'd up by the fame Counterpoiſe. 

N. B. Tu Friction of the Piſton, (which adds to the Preſſure of the 
Water) being the ſame in every Caſe, makes no Alteration in the Ex- 
periment, which plainly proves that very different Quantities of Water 
incumbent on the ſame Baſe, preſs it equally, provided their Heights 


are equal, 


2E Kn 1 — (C 


Ex ERIMENT 17, Plate 10. Fig. 1. 


17. ANoTHeR Experiment to prove the hydroſtatical Paradox may plate 10. 
be explained, without any previous Knowledge of hydroſtatical Prin- Fig 1. 
ciples ; only from the common Obſervation that in all A 


Veſtels, 


Et nr A Ae. ad... Wii, 
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Led. VII. Veſſels, Water will riſe to the ſame Level. A BID © is's kind of Bellows 


Plate 10, 
Fig. 1. 


made of two thick oval Boards about 16 Inches wide, and 18 long, 
Join'd together with Leather to open and ſhut like a Pair of Bellows, 
but without Valves, only a Brak, or Iton Pipe Pp I to come in at the 
Bot:om. Upon the upper Board C D put fix half hundred Weights, 
W, W: and then pour in Water into the Pipe P p, to the Height of; 
Foot, that is, to L, and that Water by running into the Bellows, will 
puſh up all the Weights, provided there be Water enough in the Bel- 
lows to keep its Boards aſunder, and the Pipe be full. Ip this caſe, 
the Water in the Pipe which weighs but a quarter of a Pound, ſuſtains 
zoo Pound weight; and this is the Reaſon + Let us ſuppoſe a Pipe Ce 
ſcrew'd on at c; it is evident that the. Water peur'd in at P, will rife 
up to C to the Line /M L, where it will be level with the Water in P. 
If you ſuppoſe Pipes at E, and at F, the Water pour'd in at P will 
alſo fill them up to & and ; and if thoſe Pipes being taken off, any 

Perſon ſtopp'd their Holes c, E, F, with his Fingers, each Finger 
ping an Hole, would be puſh'd upwards with a Force able to raiſe up 
a quarter of a Pound, (the Weight of the Water that wou'd fill the 
Tube;) and ſince we may fuppoſe ſuch Tubes in every Part of the 
Board c D, (which is the ſame as one great 'Tube.c L MD, containing 
them all) there muſt in every Part of that Board of the Bigneſs of the 
Baſe of ſuch a Tube, be a puſh upwards able to lift a quarter of a 
Pound (to fill a Tube ſuppoſed in that Place) and the Sum of all thoſe 
quarters of a Pound is the Weight of all the Tubes, or of the Cylinder 
cL DM containing them all. So that whatever be the Bigneſs of 
D, it will riſe in proportion to the Height of the Water in the Tube 
P p. If the Water ftand at D da Foot above p, one hundred weight 
will be lifted on c D; if it ſtand at the Line m o two Foot high, c D 
will ſuſtain 200 Pound; and if at the Line LI CD will ſuſtain 300 
Pounds. This is further- illuſtrated when the Bellows is able to open 
a Foot, becauſe then by pouring Water in at P, the Board c D will be 
Tais'd a Foot from the Board I B, and the Water will ſtand in the Tube 
at d, becauſe the Cylinder of Water CABID weighing 100 Pound, 
will preſs as much downwards as 2 Half- Hundred Weights on CD, when 
the Boards are juſt touching. This alſo ſhews that the lateral Preſſure 
is according to the Height, as the Water goes in ſideways at p i; and 
that the Water puſhes in all manner of Directions (as we have ſhewn) 
does alſo appear here, when we make uſe of the Tube C c, thro' which 
the Water having paſs'd, ſwells the Leather, and ſeparates the Boards 

in the ſame manner as when it came thro Pp I. 
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A Come of Experimental Philoſophy. ITI | 
eto By [os TIF Hand | a | * Lect. VII. * 
18. Tho it be very obvious that Water riſes to its own Level, ye | 
the ancient Ramans did not know that Water coming from a great Diſ- | 

tance had that Property; otherwiſe they wou'd not have been at the q 
immenſe Expence. of making Aquæducts, and carrying them from one 7 
Mountain to another over Arches built upon one another, as may be l 
ſeen in ſeveral Places: and tho we often find ſome of their Clay Pipes 

for the Conveyance of Water, yet none of them are made to riſe again 

after a Declivity. But now that. Water-works are better underſtood, 

ſeveral Towns are very well ſupplied from Reſervoirs at great Diſtances 

(fome Miles ſometimes) diſtributed to ſeveral Houſes, and beautifully 
conducted to make Jets in Gardens... The beſt way of doing this is 

what I ſhall ſhew in theſe Lectures in general, but more particularly in 

the Notes, where: I ſhall give Rules and explain Phænomena not taken 

notice of hitherto.* Ann. 7. 


5 ExpPERIMENT 18. Plate 10. Fig. 2: 


AB CD is a Veſſel of Tin or Copper two Foot high, of about 6 Inches plate 10. 
Diameter, with a cylindrick Diſh at Top of about one Foot Diameter and Fig. 2. 
lix Inches deep, to repreſent a Reſervoir of Water; from the Bottom goes 

an horizontal Pipe of Conduct K I, and from I a vertical Pipe IE, with 
Ajutage or ſpouting Holes K, G, H, to open upon occaſion. This Veſ- 

ſel being fill'd with Water, the Pipe IE will alſo be full; ſo that a Plane 

paſſing along the Line E AF, will touch the Surface of the Water in 

the Pipe and in the Reſervoir, ſo that the Surface of the Water in 

the Pipe at E, will be neither more nor leſs preſs d than an equal Part 

of the Surface A F by the incumbent Air. But if yow open any of the 

Jets in the Pipe of Conduct, the Water will not riſe up to the Line 

E F, becauſe the Air does not only preſs at top, but every way on the 
ſpouting Water, If the Hole of the Ajutage be ſo big that the Pipe of 
Conduct does not ſupply faſt enough, as at K +, the Water will not + Ann. 7;. 
file to its full Height: and if the Hole be too ſmall as at H, the Air 

will have ſo much Power over it, as alſo to hinder its rifing to the 

full Height, But if the ſpouting Hole be big enough, without being too 

big to be ſupplied by the Pipe of Conduct, the Jet will riſe to the 
greateſt Height poſſible, eſpecially if it is not quite perpendicular; be- 

cauſe the Water that makes a Head on the top of the Jet, preſſes it 

dow n, and takes ſomewhat from the perpendicular Height. The Loſs 

of Height in Jets, Size of the Pipe of Conduct, and Rules for their 
Management, ſhall. be ſhewn in the Notes] I Ans. 7 


Plate 10. 
Fig. 3. 


Plate 10. 
Fig 4. 
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— ſeveral Perſons, we ought to know how to meaſure the Expence of Wa. 
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Warn Watet in a Town is to be diſtributed from a Reſervoir to 


ter; for it is very different tho' it ſpouts thro' Holes of the ſame Size, 
when the Height of Water above the Holes is different : for 


18. Tur Expence of Water is as the ſquare Roots of the Heights 
of the Water above the ſpouting Holes. | 


ExPERIMENT 19. Plate 10. Fig. z. 


Tun Machine abovementioned mult be alſo uſed here, but with a 
Spout at B to let out the Water coming in from a Pipe at A, that-the 
Veſſel may be always kept full. Then having a little ſpoutiog Pipe at 
C, 4 Inches below the Surface of the Water, and another at D, 16 
Inches below the ſaid Surface, let thoſe two Spouts run at once in dif- 


' ferent Veſſels (the Reſervoir being kept full) and then having ſtopp'd 


both the Spouts at once, you will find that the Veſſel F has received 
double the Quantity of the Water in the Veſſel E; which proves the 
Propoſition, 2 and 1, being the Roots of 4 and i. BY 


19. To know how far Water, or any Fluid will ſpout on a Plane 
plac'd any where below its Surface, according to the different Heights of 
the ſpouting Holes, you muſt uſe this Method. Let the Line AB, 
Fig. 4. repreſent the Plane on which you would have the Liquor ſpout. 
At E raiſe the Perpendicular B C, equal to the Height of the Surface of 
the Liquor above the ſaid Plane. Onthe Line B C deſcribe the Semicircle 
BDC, and at I, K, L, mark the place of the ſpouting Holes below the Sur- 
face at C. From I. K, and L, raiſe Perpendiculars till they come to the 
Circumference of the Semicircle at E, D, and F. From thoſe Points let 
fall Perpendiculars to A B, as Ee and D d. Set off Be from e to G. 
and Bd from d to H, and the Points G and H will be the Place on the 


Plane where the Liquor will ſpout, that is, where the Jets will be in- 


tercepted by the Plane. N. B. The Amplitudes of theſe Semi- parabo- 
la's will be proportional to the Sines IE, K D, L F, conſequently that 
Spout will go fartheſt which jets out in the Middle of the Height be- 
tween the Surface of the Liquor and the Plane AD, becauſe the Sine 
there being an half Diameter, is the greateſt that it can be. But the 
Quantity of the Water of theſe Jets is not as the Diſtance which they 
ſpout to, but as the Velocity of the Water, which is as the SquareRoots 
of the Heights of the Fluid above the Hole, as we have ſhewn before. 
This is ſhewn by an Experiment made with the Machine of Figure 3, 
kept full; G, H, and I being made the-Jets, which will ſpout to K = 
: | 0 


A Ginſe" of Erperinental "Philoopby. 
To know how to eſtimate the Preſſure of Water upon Sluices, Dams, 
Banks, or any kind of Surfaces, we muſt underſtand the following 
PRoPOsI TION VIII. 


20. The Preſſure of Water upon any Surface under Water, in any 


P:fition, is equal to the Weight of a Body of Water, found by multiplying 
the Area of that Surface, by the Depth of its Centre of Gravity below the 
Surface of the Water. ks 1 1 


1 1 3 
Lect. VII. 


LET ABCD (Hg. 6.) repreſent a Surface, ſuppoſe 2 Wooden Plane Plate 10. 
4 Foot long, and 4 Foot wide, that is, containing 16 ſquare Feet. We *'s: 6. 


will firſt ſuppoſe it to lie in an horizontal Situation 4 Foot under Wa- 
ter. In this Caſe it is evident that on every Square Foot of the Plane, 
there preſſes a perpendicular Column of Water, containing four cubick 
Feet; and therefore the whole Preſſure on this Plane, is the Weight 
of a Solid of Water weighing 64 cubick Feet. In this Caſe K the Cen- 
ter of Gravity of the Plane, is 4 Foot under Water, which Depth mul- 
tiplied by 16, (the Area of the Plane in ſquare Feet) gives 64 for the 
Solid above mentioned. If this Plane be plac'd only 2 Foot under Wa- 
ter, each Column of Water bearing perpendicularly on a ſquare Foot of 
the Plane, will be but 2 Foot long; ſo that the whole Solid will be but 
32 cubick Feet of Water, which is the Product of the Area of the 
Plane by 2, the Depth of the Center of Gravity below the Surface in 
this Situation. In this manner may the Propoſition be demonſtrated for 
every horizontal Situation of the Plane. Now. we will conſider the 
other Situations of the Plane, and firſt the vertical; but to make the 
thing eaſier, we will only ſuppoſe the Plane one Foot wide, and four Foot 
long. Now let the Plane be ſuppoſed to ſtand upright in the Line AB, 
(Fig. 5.) ACDB, 16 cubick Feet of Water bearing againſt AB; AED 
2 diagonal Line, and F the Center of Gravity of the Plane AB: I 
lay, that if a ſecond Plane is plac'd in the Line AD, the Quantity of 
Water contain'd between thoſe two Planes, will be all the Water preſ- 
ling againſt the Plane AB; in this Caſe 16 cubick Feet. 


Fiz. 5. SINCE the lateral Preſſure of Fluids is equal to the perpendi- Plate 10. 
cular, the Preſſure on all the Points of the Plane AB, as on a, % g B, Fig. 5: 


Sc. may be eſtimated by the Length of the horizontal Lines a6, V i, g, 
3D, terminated by the Planes AB and AD, which are equal to the Per- 
pendiculars Aa, A/, Ag, and AB, as they are Sides of the ſame Squares. 
Now all the horizontal Lines between A and a b, or rather the thin 
Plates of Water contain'd between A and à b, the upper Foot of the 
vertical Planes, that is, between the Point A and à b, make up but 


balf a cubick Foot of Water, which expreſſes the Weight preſſing on 
vor. II. | A. 
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Lect. VII. A 2. Thus will the Water Fi b, a cubick Foot and a half, be the Water 
◻◻ preſſing on the ſecond Foot a of the Plane AB: /i 4g, two cubick 


— 


Plate 10. 
Fig. 6. 


Plate 10. 
Fig. 7. 


Feet and a half, be the Water preſſing on /g the third Foot of the Plane 
A B; and g DB, three cubick Feet and a half of Water, be the Wa- 
ter preſſing on g B, the loweſt Foot of the Plane A B. Thus the whole 
Preſſure on the Plane AB will be the Water contain'd between AD and 
AB; as may be better ſeen in the 6th Figure, where Aae E, Ee A, 
k fg G, and Gg B in the pointed Lines, repreſent the ſquare Peet 
of the Plane, and where it is to be obſerved that the Center of Gravity 
being at &, two Foot under the Surface of the Water, the Surface AB 
(now ſuppoſed only one Foot wide) multiplied by that Depth, will pro- 
duce a Solid repreſented here by the Section A ko C, containing 8 cu- 
bick Feet of Water, the ſame in Contents with the Solid repreſented 
by A BD, which we have ſhewn to be the Weight of the Water preſ- 
ſing on AB. "EAT 
Tre Preſſure of the Water may thus be found in any Situation of 
AB; for if the Top A remaining in its Place, the Bottom B approaches to 
or recedes from the Line AD, the Center of Gravity & will riſe, and 
ſo its Depth, by which the Surface A B is to be multiplied, will be 
leſs: And if the Bottom B remaining, the top A approaches to, or re- 
cedes from the Line A D, the Point ᷑ will be lower under Water, and 
conſequently the Product of the Multiplication of the Surface A C by 
a greater Depth of A E will be greater. | 
WuiLsT ABC repreſents the Water preſſing againſt A B (fee Fig. 
7.) in the Direction de, if the Point O be ſuſtain'd againſt the Force 
of the Water, either by a Prop behind, or a String running over a Pully, 
to which hangs a Weight equal to the Weight of the Water ACB, 
AB will ſupport the Preſſure of the whole Water. That Point is calld 
the Center of Preſſure, and is always two Thirds below the Surface of 
the Water on the Plane. It is very near of the ſame Nature as the 
Center of Oſcillation in Solids. ie i 


Of the Nature of Alx, and ſome of its general Properties. 


A1R has ſo much to do in ſeveral Phenomena of Water, as in Sy- 
phons, Pumps and Fountains, Cc. that I thought proper to conſidet 
it in Part here, in order to explain ſeveral things in Hydroſtaticks, 
which wou'd require. many Words without a previous Knowledge of 
the general Nature and Operations of Air. As for ſome particular Pro- 
perties of it lately diſcover'd, I ſhall conſider them elſewhere. | 
Der i- 


— 
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21. AIR is a Fluid eaſily compreſs'd, which dilates it (elf again when 


115 


Lect. VII. 
— 
Plate 10. 


the Force that compreſs d it is remov'd. This may be illuſtrated by Fig. 8. 


a Spunge, or a Fleece of Wool. See Fig. 8. 
_ -- , Experiment 20, Plate 10. Fig. 8. 


S is a Spunge-on the Plane AB. If laying your Hand on it at 8, 
the top of the Spunge, you preſs it down to CD, ſo as to bring it within 
the Compaſs of C #: #5 D, as ſoon as you remove your Hand, the Spunge 
will reſtore it ſelf to its former Dimenfions. The ſame will happen to 
a Fleece of Wool. This Property is call'd the Elafticity of the Air. 


22. Tur Air which encompaſſes the tetraqueous Globe, with all the 
Vapours and Exhalations that are mix'd with it, is called the Atmo- 


ſphere &. It is reckon'd to reach to the Height of about fixty Miles; » Ann. 8. 


that is, to be ſenſible to about that Height, becauſe of late Years ſome 
Meteors (which are ſuſtain'd in it) have been ſeen to rife to about that 
Height : Tho' it may be ſtill higher, but of a very ſmall and almoſt in- 
ſenſible Denſity. 15 


2j. Wurkr the Surface of the Earth is not ſenſibly heated +, the f Ara. g. 


Atmoſphere is denſeſt next to the Earth, and is thinner gradually as you 
go up higher and higher, till it becomes many thoafand times thinner 
or rarer than at the Surface of the Earth. This may be illuſtrated by 


the Example of the Accumulation of Fleeces of Wool in the following 


manner. 
Plate 10. Fig. 9. 


Lyr TT be Part of the Surface of the Earth, on which we will 
ſuppoſe a Tower of a great Height (open at Top) to be built; and let IT, 
K T, repreſent the Sides of that Tower. Suppoſe a tertain Quantity of 
Wool to be put in at the Bottom of the ſaid Tower was to reach up 
to the Line AB. If the Wool was not compreſſible, an equal Quantity 
of Wool would reach up to the Line C D, another Quantity equal to 
that would reach the Line E F, another would reach the Line G H, 
and a fifth, equal to the reſt, would reach up to the Line IK. But 
ſince Wool is compreſſible, the Quantity of Wool C B, being laid on the 
lower Wool A T, will compreſs it, and make its Surface deſcend from 
AB to ab, whilſt CD comes down to o, which the Bottom of the 
Quantity E D following it muſt come to, whilſt its Surface is brought 
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Plate 10. 
Fig. 9. 


Plate 10. 
Fig. 10. 


* Ann. 10. 


from E F to i k. But as the Wool ED (now i Eno) is heavy, it will 
preſs down the Sutface of C B (now aA) to p 9, its own Surface 
coming don to lm; and that of the loweſt Quantity AT (now ah 
T T) to ga, ſo as to reduce it into the Space o IT d, three Fifths of the 
Space it occupied before. Now let us conſider the Effect of the Wool 
G F. As E F, the Surface of the Wool E D, is now at /m, its Bottom 
will bear on p 4. the prefent Surface of C B, which by its Weight it will 
puſh down to r, (While its on Surface deſcends to æ x) as alſo make 
cd, the Surface of the loweſt Quantity, deſcend to e /, ſo as to reduce 
that Quantity into the Space e T IT/, two Fifths of what it occupied at 
firſt. Laſtly, the Quantity of Wool IH is now come dowa fo low as 
to be in the Place 9 5 6 9, preſſing with its Bottom 5 6 upon the 
Quantity G F, (now 5xx6;) and as it is heavy it will cauſe the Sur- 
face x x to deſcend to 10, 10, while the Quantity E D (now 10 10 
+2) will preſs upon the Quantity C B, (nowy x ) which will re- 
duce the firſt Quantity AT (now e T Tf) into 2 TT u, the fifth 
part of its former Dimenſions, as it has five times more Wool pteſſin 
upon the Bottom TT. N. B. We have net here confider'd that all the 
Quantities of Wool, except the higheſt I H, muſt be condens'd into leſs 
Dimenſions” than they had at firſt, according to the ſeveral Quantities 
incumbent upon them. Therefore, to avoid the tedious Conſideration 
of every Particular, you may caſt your Eye upon the Effect of the Preſ. 
ſure of the ſeveral Quantities laid upon one another, as they appear in 
Figure 10, where the ſeveral Quantities of Wool AT, CB, E D, GF, 
IH, are by the Compreſſion of the ſuper-incumbent. Wool reduc'd into 
the Spaces mark d by the fame Letters. This will ſhew that the Den- 
ſity of the lower Parts is proportionable to the Compreſſion occaſion d 
by the upper; which are here-from the Bottom to the Top, in the pro- 
portion of 3, 3, 4, 4,4. If TH be remov'd, AT will expand itſelf. 
and occupy + more Space, being rarefied to ;; but if another Quan- 
tity, ſuch as I H, be laid upon I H at its Surface I K, the Quantity AT 
will be compreſs'd into + leſs Space than it occupied before. 

Turs would be ſtrictly true of Wool, if its Elaſticity was perfect; 
but it is only true in relation to Air, whoſe Elaſticity is perfect when it is 
pure Air *, whoſe Condenſation and Rarefaction we have endeavour'd to 
repreſent by Wool, or Spunges ; tho we don't mean to explain the Make 
of the Particles of Air by thoſe of Wool, or Spunges, Which are made 
up of little Springs coil'd up, which take up but a ſmall Space, when 
preſs d together; but, when freed from that Preſſure, unbend them- 
ſelves, and take up much more room : becauſe ſuch a Figure will never 


= 
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reach the prodigious Rarefaction of Air, which, under different Cir- Lect. VII. 
cumſtances, is expanded from 1 to 30, ũ S. r 5 


rene. 
Tus Air's. Denſity is ſtrictly equal to its Compreſſion, as appears by 


Ann. 10. a 


* 


the following. 33 3071 W | 
_ _ ExPERIMENT 21. Plate 10. Fig. 17. 

Takz a Glaſs Tube of + of an Inch Bore within, 62 Inches long Plate 10. 
from A to B, beſides the Return B C, and one Foot turn'd up parallel to * 
AB at C H, open at top at A, and hermetically ſeal'd (that is, clos'd 
with the Glaſs) at H. Fill the Part B C geatly with Quick- ſilver, ſo 
that there may be a Foot of Air at CH. Then pouring in at A Mer- 
cury, ſo as to teach to I, near 31 Inches high, the Air in the Space CH 
will be reduc'd into the Space Hde 6 Inches, the Mercury in this 
ſhort Leg riſing up to de, ſo as to reduce the Air into half the Space it 
occupied before; becauſe 30, 8 Inches of Mercury in Height preſs as 
much as the whole. Atmoſphere... For when the Air (which, prefs'd by 
the Atmoſphere,.took, up the Space of CH — one Foot) came to be 
pteſs d by an additional Weight of Mercury equal to the Atmoſphere, it 
muſt be compreſs'd into 6 Inches, half the Space, by a double Weight. 

Which was tab co tp er tyanytT 
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FiLL in more Mercury at A, till it rifes near 62 Inches high, then 
the Air will be reduc'd into the Space H /g, a Third of what it occupied 
before; as it is now preſs d by three times the Weight. But if you in- 
cline the Tube fo fill'd, till you bring the Surface of the Mercury to be 
but 31 Inches perpendicular over B, the Air wilt expand itſelf again, and 
deſcend to d e, having now only a double Denſity ; becauſe Fluids 
preſſing upon the ſame Baſe, act not according to their Quantity, but 
their perpendicular Height. | 
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24. Tur Air that we breathe is in a compreſs'd State, and of the 
{ame Denſity at the ſame Level, unleſs where it is accidentally heated 
or cool'd &: but when that Heat or Cold is remov'd, the Air returns to, Ann. 11. 
the fame Tenor with the ambient Air, The Air may be.likewiſe.con- 
dens'd or rarefied by. any Power; but when that Power ceaſes to act, 
it returns to its former Denſity. | 


% 


PRoPosITION X. 


Tur Air in an open Veſſel, whether large or ſmall, is able by its 
Spring to ſupport the whole Weight of the Atmoſphere : as the Air in 
| the 
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Fig. 1. 


Plate 11. 


Pg: 2,and 3. Cap and ſmall Hole C; and having ſuck'd out ſome of the Air contain'd 


Plate 11. 


Fig. 4. and 5: interpos d between the denſer and rarer Air, that Fluid will be driven 


Lect. VII. the Veſſel A B. For if we ſuppoſe that Air weaker than the Atmo- 
Plate 11. 


A Courſs of Experimemal Philoſophy. 


ſphere, it muſt yield by the Preſſute of the Atmoſphere, and ſink down 
(for Example) to e , at which time it will have increas'd its Denſity in 
proportion to its Compreſſion, and conſequently its Elaſticity whereby 
it will ſuſtain the incumbent” Atmoſphere. Again, if the Alt in AB 
was ſtronger than the Atmoſphere, it could not continue in that 
State, but expand itſelf, for example, to g 6, till it became weaker by 
its Expanſion, ſo as only to ſuſtain ' the Atmoſphere without lifting 
wt 5 ; | P 4, FOI 4 
251 ExPERIMENT a2. Plate 11. Fig. 2, and 3. 
Takr the hollow Glafs Ball , containing about a Pint, with a Braſs 


in it, ſtop C with your Finger; then take off your Finger near the Candle 
A, and the Flame of the Candle will be driven to the Hole by the out- 
ward Air which runs into the Ball, (whoſe Air is now rarefled) till 
the Air in the Ball is rednc'd to the ſame Tenor as the outward Air. 
But if the Air in the Ball be condens'd by blowing into it; when you 
bring it to the Candle it will blow the Flame; till by its Expanfion it 

becomes no denfer than the common ambient Air. l | 


EXPERIMENT 23. Plate 11. Hg. 4, and 3 . 
Ir, inſtead of the Flame of the Candle, another Fluid, as Water, be 


towards the rarer Air, as long as there remains any Difference of Den- 
ſity in the two Quantities of Air. Having ſuck'd ſome Air out of the 
little Glaſs Fountain F, and having ſuddenly ſtopp'd the upper end of 
its ſpouting Pipe Pp with the Finger, invert the Spout Wu 5 SS, the 
Surface of the Water in the Veſſel A B. Then immediately upon the 
Removal of the Finger the Water will run up thro' P, and out at p, ſo 
as to fill up Part of the Fountain. But if you had blown into the Foun- 
tain , (Fig. 5.) ſtopp'd P, and, having inverted the Spout under the 
Water 55, remov'd the Finger, the condens'd Air in the F ountain would 
expand itſelſ, and come out in Bubbles at P, under the Water con- 
tain'd in the Jar a6. 


ExPERIMENT 24. Plate 11. Fig. 6. 


The Fountain being ſet be W. half full of Water, ſet 


your Mouth 
to 5, and ſuck out ſome of the 


ater, which will rarefy the Air at 0, in 
| | 99 7 proportion 


ä — — — — WY 46 
„ 
i F u 7 
Pd 0 
2 ® "i 
- 
- 
4 * 4 ; 
# . . 
= 
„ 
c - * 1 
„ 2 f 5 
| A 
- 
5 4 | 


| = 
GG DS Gn SE SDSS 4 4 SS 24 + - - Ss <<< * „% ⁰ů » Se ewes oc 9 o00ococ 


* 

"MF 

105 N eme U 
Oi _ A We e A Ne | 

, n 
, 


Al 
PO WIS MM) nr nM 


A Cuunſe of Experimental Philoſophy. 119 
ion to the Water ſuck d out: then the outward Air will ruſh in Lect. VII. 
at 8, go thro the Pipe to the Bottom of the Water in Bubbles, and j—— 
come. up again into the Space a, as much in Quantity as there was Was rig. 6, and 7. 
ter drawn out, till the Air in that Space @ is become as denſe as the ex- 
ternal Air WAS 054-1 ; 


4 ExPERIMENT 25. Plate 11. Fig. 7. 


 InsTEAD of ſucking at the ſpouting Pipe 8, blow hard into it, ſo as 
to condenſe the Air in the Space 4: then immediately that Air by ex- 
panding itſelf will preſs upon the Water, and cauſe it to ſpout out at 8, 
as long as the Air in @ is denſer, and conſequently ſtronger than the ex- 
ternal Air, which it will ſoon ceaſe to be by its Expanſion, 


| 'ProrosITION IX. 
25. HeAT expands the Air, and Cold condenſes it. 
ExPERIMENT 26. Plate 11. Fig. 8, and . 


 InTo the Jar SACS throw a lighted piece of Paper, and the Air in plate 11. 
it will expand, ſo as not to be contain'd in the Jar. For example, what Fig- 8, and g- 
was at the Surface 88 will riſe up to , whilſt the Air in the Space 

A CB: will expand, ſo as to fill up the whole Jar. Invert the Jar ſud- 

denly before the Fire is out, with its Mouth into the Water of the Veſſel 
ABCD; and, as ſoon as the Flame is'extinguiſh'd, (which was the 

Power that expanded the Air) the Air in the Jar will return to its former 
Dimenſions, viz. into the Space AC B of Fig. 8. The external Air 

which would ruſh into the Jar now meeting with the Surface of the 
Water 8 8 in its way, drives it into the Jar up to ss, till the Air that had 

been rareſied by Fire is reduc'd into the Space Þ 5 s; equal to the Space 
ABC, (Fig. 8B.) the Space it occupied before it was heated. If a Spunge 

full of Water, colder than the Air, be applied to the Jar over P after 

the Paper is extinguiſh'd the Water will riſe up to f ?, the Air in the 

Space pt 5 5. 0ccupying leſs Space than ſo much common Air. 


Air. 


Dexse Air will drive a yielding Solid into a Space occupied by rarer 


ExPERIMENT 27. Plate 11. Fig. 10. 


To a Glaſs Receiver B, of about three or four Inches Diameter hav- pie i. 
ing a Cock and Braſs-Work at C, faſten a Piece of wet Bladder 6 6, ſo as Fig. 10. 


to 
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Plate 11. 
Fig. 10. 


Led. vil. to cover its Mouth; Then take the Cupping-glaſs G, and having held it 
over the Candle A, to rarefy the Air within it, apply it ſuddenly to the 
Bladder b5, covering the Mouth of B, and the Bladder will riſe concave 


Ann. 12. 


Plate 11. 
Fig. Ih 


A Courſe of Experimental Philoſophy. | 


into the Cupping-glaſs at g. This will ſucceed juſt in the ſame manner, 
whether the Cock C be open or ſhut®, When it is open, the Preſſure 
of the Atmoſphere acting thro the Cock drives the Bladder into the Air 
at g, which being rarer than common Air, is unable to ſupport the 
whole Preſſure of the Atmoſphere. When the Cock is ſhut, the Blad- 
der riſes atg, becauſe the Air in B not having been rarefied, but being 
equal in Denſity with common Air, drives the Bladder into the Spaceg ; 
leſs reſiſting, becauſe rarer, than common Air. | | 


| | 'CoRoLLARY. 1 
26. Hencs follows, that Air in any Space acts as ſtrongly by its 
Spring as the Atmoſphere does by its Weight, as we ſhall ſhew here- 


after. | | | 
5 ExPERIMENT 28. Plate 11. Fig. 11. 


To the Bottom of the Glaſs Receiver A B F tie on the Bladder E, 
open at BF, but cloſe at the little Handle d. Then having another 


ſmall Bladder with its Neck faſten'd to the Tube C D, which has a 
Sacre at 8, thruſt in that Bladder thro' the Neck 8 à into the Receiver, 


and ſcrew all faſt at S. This Machine repreſents the Operation of the 


Lungs in the human Body. The Bladder D, and Pipe D C, are in- 
tended to repreſent the Lungs; for tho the Lungs are made of ſeveral 


Lobes, and an infinite Number of little Bladders not repreſented here; 


yet as they all ſwell and ſubſide by the Air paſſing in and out at the 
Wind-pipe, their Motion may well be repreſented by the ſwelling and 
ſhrinking of the Bladder, and the Wind- pipe by the Glaſs Tube. The 


Receiver A BF repreſents the Cavity of the Cheſt or Thorax; and the 


Bladder BEF performs the Operation of the Diaphragm' or Midrift. 
The Air between the two Bladders repreſents the Air'contain'd in the 
Cavity of an Animal's Thorax, which, when condens'd preſſes down 
the Lungs ; and, when rarefied, ſuffers them to riſe by the Influx of the 
external Air thro the Wind- pipe. The Operation is thus perform d. By 
the Handle & puſh the Bladder E into the Receiver up to e. This will 
diminiſh the Cavity A BF, containing the Air in the Thorax without 
the Lungs, and there, by condenſing the Air, render it ſtronger than the 
Air in the Lungs, which is of the ſame Tenor as the outward Air. This 
will make the Bladder @ 6 c (or Lungs) ſubſide, and diſcharge its Air 


out 
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out at C, which repreſents þ/owing, or Expiration. Pull down the Lect. VII. 
great Bladder or Diaphragm from e to E, the Cavity A BF repreſent: 
ing the Thorax will be increas'd, conſequently its Air will be rarified; 
and as it is now weaker than the external Air, the external Air will 

ruſh in at C, and ſwell up the little Bladder or Lungs at ac 4; and 

thus will ſhew the Operation of ſucking, or Inſpiration, | 
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' ANNOTATIONS upon the Seventh Lecture. 
5 1 W Incompreſſible as Water." 


M 


Water, and the Hole ſcrew'd up faſt, have been hammer'd and ſqueez'd in 
ſtrong Preſſes, to alter them from their ſpherical Figure, that by having the 
fame Water contained in a Veſſel alter'd from its ſpherical Figure, which 
would have leſs Capacity than the Sphere, it might appear that the Water was 
condens'd. But whenever the Shape of the Globe was alter'd, the Water 
ooz'd thro' the Pores of the Metal, in proportion as it had leſs Room, and 
ſo could not be condens'd. This ſhew'd alſo, that the Particles of Water 
were ſmaller than the Pores of Metals: even of Gold; for upon trial the 
Water paſs'd in a fort of Dew thro* a Sphere of Gold. | 


ANY Ways have been contriv'd to condenſe Water; but no Force 
has been found ſufficient to do it. The moſt remarkable Experiments 


have been made with hollow Globes of Metal, which being fill'd wich 


2. [8.—A Fluid will have an horizontal Poſition.) This is not ſtrictly true, 
becauſe the Surface of the Water being Part of the terraquedus Globe, muſt be 
convex, Thus a Veſſel in a Cellar will contain more Water than the ſame 


Veſſel at the top of a Mountain; becauſe its Convexity is then a Part of a 


leſs Sphere than when the ſame Veſſel is carried to the top of the Mountain. 
But theſe Niceties are of no uſe in Hydroſtaticks, becauſe our Senſes cannot 
perceive the Difference. There is another thing indeed worth obſerving, 
which is, that if you fill a clean Glaſs Veſſel, whoſe Top is dry, the Water 
will be accumulated on the Top, and hold together by the Attraction of Co- 
heſion. The ſmaller the Veſſel, the higher the Water will be heap'd up. 


3. [II. ue Drops of Oil riſe again, &c.] A Drop of Oil containing leſs 
Matter under the ſame Bulk than a Drop of Water, and endeavouring to de- 
ſcend with the ſame Velocity, has leſs Momentum downwards; therefore 
every Drop of Water contain'd in the Jar deſcending with more Force than 
the Drops of Oil, muſt make them riſe up to the Surface. 8 

„ 2 i fr ey 
4. 12. —Raiſing Water by Pumps.] See the next Lecture. 


.. [15.—The imaginary Surface would be more preſs'd by the Plate alone, 
than by any correſpondent Column of Water.] This will ſhew us a way to make 
any Metal ſwim, or be ſupported in Water, For when once we know the 


ſpecifick Gravity of the Metal, if we apply a Plate of the ſaid Metal to the 


Machine which is to keep the Water from preſſing upon it, and * 
a 
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Water (holding its upper part faſt againſt the ſaid Machine) as many times its Annotat. 
Thickneſs as it is ſpecifically heavier than Water ; we may then let go the Lect. VII. 
String, and it will be fuſtain'd. If it go deeper, the Metal will be puſh'd up.. 
Thus à Piece of Gold will fwim, when its Surface is 19 { times deeper than 
its Thickneſs under the Surface of the Water, no Water coming to preſs above 
it. A Piece of Silver muſt be ten times its own Thickcefs under Water: Cop- 


* 


per 9 times: Lead 11 times: Braſs 8 times, Oc. 


- 


6. [15,——As an inclin'd- Plane, which takes atuay from the abſolute Gra- . t. 
vity of ibe Body, in proportion to its Inclination.] An ingenious Gentleman *'* 
rejected this Proof taken from the Confideration of the mclin'd Plane, (ſee 
Plate 11. Fig. 12.) ſaying, that the Water which fills the Tube T CD up to ; 
AB, preſſes as much upon the Baſe C D, as the Water E C DF, which fi'ls 
the Tube in the oblique Poſition, not becauſe in the inclin'd Tube it bears 
upon the inclin'd Part FD, but becauſe the Tube, when inclin'd, holds no 
more Water than when upright; for (ſays he) ABCD and EFCB 
being Cylinders upon the ſame Baſe C D, and between the ſame Parallels 
AF, CG, muſt be equal, and therefore contain the ſame Quantity of Wa- 
tir. Now the Miſtake conſiſts in this, that the "Cylinders have not equal 
Baſes, tho* made of the ſame Tube. For when the Tube ſtands upright in 
the Poſition T C D, its Baſe cut by an horizontal Plane, as C G, is circular; 
but when the Tube is inclin'd, the Baſe C D changes to c 4, and becomes 
ova), as well as the Section at top E F, and every horizontal Section of the 
Tube: ſo that the Part of the Tube inclin'd between the Parallels AF, CD, 0 
contains as much more Water than the Part of the Tube at A B and CD, as 
the oval Bafe cd has a greater Area than the circular Baſe C D. Becauſe, tho? i 
the Breadth of the Section of the Tube remains the ſame, its Length is chang d | 
from CD to cd. But the Exceſs of Water in E F dr, is ſuſtain'd on ac- | 
chunt of the Inclination of the Tube, by whoſe inferior Semi- cylinder it is | 
fupported. | | 
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7. er- works, &c. where I ſhall give Ruler, and erplain Phe- 

n:mena.] The Conduct of Water in Pipes, eſpecially from diſtant Places, is 

worth our Confideration: Therefore we ſhall here take notice of what Impe- | 
diments often ariſe in Practice, and ſhew how to prevent and remedy thoſe Im- 
pediments. The AnGients conducted Water in Pipes only down Hill, as we 

have before obſerv*d, but never carried it up again, not knowing that Water 

would rife to its own Eevel. But we can conduct Water to very great Di- 

ſtances, and bring it from one Mountain to another in Pipes that go down into 

the interjacent Valleys, and come up again, provided the Reſervoir, of Place 
into which we bring the Water, be ſomething lower than the Spring or Pond 

from which it comes, and where our Pipes begin. The Water brought home 

would indeed ſhew itſelf at the fame Level, but not run out; and throꝰ the ſame 

Pipes the Quantity of Water given will enereaſe in proportion as the Recep- 

tacle is below the Spring. So that if you have a great deal of Water, and would | 

bring it home into s Place but a little below the Level of the original Spring, - 

R 2 you 


1 4 4 7 # ** == 
. Ä * 


1 


—— a. qe Foo ES. 


> 
— — p 


L 
** 
* 7 
1 
25 


q * 


* 
* - 


| 124 if Comrſe of Experimental. Philoſophy. 


Annotat. you muſt uſe very large Pipes; but the ſame Quantity will be brought home 
Lect. VII. in ſmaller Pipes, conſequently at leſs Expence, if your Reſervoir is much be- 
) low the original Level. If your Diſtance be great, the Length of the Pipes 


Plate 11. 
Fig. 13. 


will conſiderably diminiſh the Quantity of Water brought home, by their 
Friction, which cannot be prevented, but by having the Pipes bigger, if the 
Water be in ſuch quantity, and ſo much wanted, as to make it worth the Ex- 
pence, I tried an Experiment in the Year 1718, at Cannons, (the Seat of his 
Grace the Duke of Chandos) upon a Leaden Pipe, whoſe inward Diameter 
was 15 Inch; and found, that at 1400 Yards Diſtance from the Head of 


Water that ſupplicd it, it did not give a tenth Part of the Water that it 


would have given at 30 Yards from the Spring, at the fame Depth below the 
Surface, But the chief Impediment is from Air in the Pipes, by which the 
Water is faid to be Wind-bound, and by that means a Pipe of two or three 
Inches Bore will ſometimes not give more Water than if it was but of one 
Inch Bore; that is, four times or nine times leſs. But this Air may be dif- 
charg'd, and the Pipes reliev'd, as we ſhall ſhew. 7 pF 


| Plate 11. Fig. 13. 

Ler ABCD be the Spring, or Collection of Springs, from which a Pipe is 
to bring Water to the Delivery at E, ſuppoſe a Mile, or half a Mile, from the 
Spring. Now we will ſuppoſe E to be but a little lower than D; for example, 
tour or five Foot. If the Surface of the Water in the Spring comes down to the 
Mouth of the Pipe at D, or ſometimes only near it, there will be a good deal 
of Air that will run down with the Water into the Pipe; and wherever the 
Ground riſes in the Conduct of the Pipe, this Air will lodge itſelf in the upper. 
Patts of the Pipe, as 44 mr, and thereby diminiſh the Water-way of the Pipe, 
fo as to force the Water to paſs between o and , a Paſſage five or ſix times lels 
(nay; ſometimes ten times leſs) than the Pipe when free. Sometimes; tho' 
no Air ſhould get into the Mouth at D, yet there will be theſe Lodgments of 
Ait made at the firſt running of the Water; for when the Water being come 


down from D to G riſes again to , it runs over the Eminence at u, without 


carrying the Air before it, as it had done as far as az but leaving it in the 
Space arm, fills the Pipe again at 7, and fo goes on till the next Eminence, 
where it runs over the loweſt Part of the riſing Pipe, leaving a Space of Air at 
top, which pinches the Water, as at x, and then filling the Pipe full again 
till its next riſing, where the Water is again pinch'd by the Air, Sc. 
Tur way to clear the Pipe (which here we ſuppoſe of Lead) of this Air, 
is thus. Going from D along the Pipe, when you come to the firſt riſing 
Ground, cauſe the Pipe to be laid bare at the higheſt Place, as m, and there 
having driven a ten- penny Nail into the upper ſide of the Pipe, ſo as to make 
an Hole thro* it; while the Nail ſticks in, hammer up the Lead all round 
the Nail with the Pen of the Hammer, ſo as to make a little Button; then 
taking out the Nail, the Air will blow out violently, till at laſt the Water ſuc- 
ceeds the Air, and then with a Stroke or two of the Face of the Hammer 
that Hole will be quite ſtopp'd up. Doing this at every Eminence of the 
Pipe, the whole Air will be diſcharg'd, and the full Quantity of Water T 
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be brought home at E; and if the Mouth of the Pipe at D receives no Air Annorat.. 
by the too great Deſcent of the Water at AB, the Pipe may; give its full Le&, VII. 
Quantity for Years. The way to have the whole Water deliver d, is to mca- wm 
{ure it, when the Pipe has been clear'd of Air as above mention'd z and when _ * 

by meaſure the Quantity of Water appears to be deficient, the Pipe muſt 14998 
again be clear'd of Air. | | ; 

Ir the Spring AB CD be very much higher than the Place of Delivery at | 
E, the Places of Air in the Pipe will not be juſt at the higheſt Part of the i | 
Pipe, but a little beyond it; becauſe the Water running with more Velocity ' 
and Force, drives the lodg'd Air ſtill forward, as may be ſeen at o pq, the Air | 
which otherwiſe would have been at 5; and therefore the Nail- hole muſt be 
made beyond s, between o and 4. If the End E be ſtopp'd for ſome time, ſo 
that the Water may ceaſe to be in Motion, the Air will go back gradually to 
the higheſt part of the Pipe, as appears at « y ut, where it may be let out. 

Suppoſe that the Water, inſtead. of coming from a Spring, . be forc'd up its 

whole way from a Place much lower by an Engine, as F, and up the Conduit * 
FG, then the Places where the Air is contain'd will be beyond the Top of 
the Eminences of the Pipes, as at op; and then it will not be- ſufficient to | 
prick the Pipe with a Nail; becauſe Air will be contiqually forc'd in with Y 
the Water, and refill thoſe Places in the Pipe from which the Air had been | 
emptied, which often occaſions the breaking of the Pipes, or at leaſt gives too 
ſmall a Quantity of Water, and does damage to the Engine. In ſuch a 
caſe the following Contrivance mult be uſed. * | | 


Plate 11. Fig. 14. g 
Ler ABD be that Part of a Pipe of Conduct (commonly call'd a Main) Plate 27. 
coming from an Engine, which riſes over B. The Water puſh'd along AD Fig. 14. 
fills the Pipe till it comes to d, and then runs to , having its Surface at dy, 
the Air filling the Cavity de f, which Cavity will afterwards change its Place, 
and goon towards D, the Point d going beyond e. But this will be prevented 
thus: Suppoſe this Main to be pretty large, of 4 Inches Bore, (for example) 
it it be of Lead; and of 6, 7, 8, or 9 Inches Bore, if it be of Wood. Tou 
muſt have a ſmall Leaden Pipe, which in this caſe we call a Rider, laid over 
tie eminent Part of the Main, as de f, of about 30 Feet in Length, com- 
municating with the Main at the top of the Eminence, as ate, and 15 Foot 
nearer the Engine, as d, and alſo 15 Foot beyond the Eminence; as at /, 
with a little Branch and Cock C. Now if you open this Cock when the En- 
gine is working, as the Air is puſh'd forward it is catch'd at d, and diſcharg'd 
by the Cock; or if it goes beyond it, is catch'd by the Pipe of Communica- 
uon at e, and alſo diſcharg'd. When Water comes out at the Cock you muſt 
ſhut ir, and conclude the, Main to be full. But after ſome time, the Cock 
being left ſhut, Air will gather in the Eminence of the Main, and lodge be- 
yond e. But if you returm to the Cock, and open it, the Air will come bac k 
to the Cock thro , and be diſcharg'd. When Water is by an Engine forc'd 
up into a Ciſtern, from which it is to run down again to the Reſervoir, where 
dis wanted, (lee, Fig. 13.) this will allo be very neceſſary, becauſe the Water 
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Plate 11. 
Fig. 18. 


Plate 11. 
Fig. 16. 
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in the Ciſtern ſometimes fills up the Mouth of the Main, (or Mouths of the 


Mains, if the Water is carried to ſeveral Places,) and ſometimes nor, whereby 


a good deal of Air goes down with the Water. We muſt obſerve, that in 


Leaden or Iron Pipes of Conduct, the Diſcharge of Air is abſolutely neceſſary, 


In wooden Pipes the Air often paſſes thro” the Wood and eſeapes; but if the 
Pipes are tight and thoroughly ſoak'd, the Air-Cocks and Riders are very 


neceſſary : and in the running of Water from a rais'd Ciſtern a Mile or 


two, ſome Perſon ſhou'd turn the Air-Cocks two or three times à day. 


Some Years ago two Friends and my ſelf contriv'd an Invention, which we call d 
a Jack in the Box, whereby Air Cocks would open and ſhut of themſelves, by the 
running of Water and Motion of the" Air only. This Contrivance is deſerib'd 
in the Philoſophical Tran/aftions, Numb. 393, | 

Tur City of Edinburgh is well ſupplied with Water, which is conducted 


from a Collection of Springs at Comęſtoune near three Miles, in a caſt leaden 


Pipe of 4 Inches diameter, and ſufficiently thick, viz. about half an Inch 


thick in the loweſt Places, and gradually thinner towards the Springs and 


towards the Delivery; but thicker at the Delivery than the Springs, be- 
cauſe the Delivery upon the Caftle-Hilt is confiderably lower than Comeſboune, 
which is juſt level with the Cordon of the Half-Moon at the Caſtle. I gave 
Directions in that Work, and had the pleaſure to ſee every thing ſucceed, 


which I mention here, becauſe the Diſcharge of Air was made at ſeveral E- 


minences; and there is a Contrivance for diſcharging the Pipes of it at the 
Springs and at the Delivery. | | * 
Plate 11. Pig. 15. 
From the ſmall Reſervoirs at Comeſtoune, where the Springs are collected, 
there is a conſiderable Declivity at firſt, and a-Rider is fix'd over the Pipe of 
Conduct to diſcharge the Air at the firſt going in of the Water. ABCD 
(Fig. 15.) is the little Reſervoir, and D is the Mouth of the Pipe into which 
the Water runs, which is not always wholly cover'd, ſo that Air often goes 
in with the Water. But the Rider a, b, c, d, communicating with the Main 
at 6, c, d, Cc. brings back the Air in the Direction 4 c B, commrary to that 
in which the Water runs down towards Edinburgb, as may be ſenſibly felt 
when the Cock is open, by holding the Hand at a. I do not mention the 
Air-Cocks between Comejtoune and Edinburgh, having already deſcribed the 
manner of them; But there is a long Rider from the loweſt Place of the 
Pipes at the Graſs Market, quite up to the Delivery at the Caſtle Hill, of 
about 100 Feet in height, and 200 Yards in length, the Uſe of which ap- 
pear'd by the Experiment we made, which was in the following manner. 


ExPERIMENT Plate 11. Fig. 16, 


We ſuppoſe the Graj5-Market at AB, the Water running in the Di. 
rection A B D, the Delivery at D, the Rider to be EC, and a Plug at B 
to open at any time for emptying and cleanſing the Pipes. Having ſhut 
the Cock C, we caus'd the Plug B 10 be open'd ; whereupon all the Water 


in the Pipe D B, reaching from the Graſs-Mearket to the 6 
. $ W 
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down and emptied it ſelf at B. Then the Plug being ſhut, the Time was Annotat. 
taken in which the Water came up to D, which was an Hout and a quarter. Lect. VII. 
After this, the Water being again let out at B, the Cock C was open'd, ane | 
the Plug ſhut; and then the Time of the Water running up from B to C, ; | 
was but 16 Minutes 3 the Air which had made the Obſtruction before, com- 
ing out violently at C. | | | | 

NB. What I have ſaid here, and the Example given, may ſerve 10 inftruft any 
body in the Conduã of Water from one Place to another, whether by its natural 
Fall, or driving it at length from an Engine. There is indeed à particular 
Caſe which we ſhould not omit; that is, that the Pipe of Conduct, which 
carries Water from an Engine directly vp into a Reſervoir, ſome Height = 
above it to ſerve ſeveral People with Water, (as the Ciſtern on the Top. of 9 
the Tower at London Bridge) ſhou'd not be of Lead, unleſs extremely thick, | 
ſo as to be much too expenſive, as we ſhall now explain. Mats 6 


Plate 12. Fig. 1. | 1 po | 
Lr AVD be a Leaden Pipe coming from an Engine below A, where Plate 12. YH 
the Water comes up in the Direction AVD, ro diſcharge itſelf at D. At Fig. 1- . 
every Stroke or Puſh from the Engine, the Water raiſes the Valve V, and 
when the. Valve ſhuts-again, the Water falling wich it, gives a Blow againſt 
all the Sides of the Pipe by its lateral Preſſure in a Direction perpendicular 
to the Sides, with the Weight of a Pillar of Water, whoſe Baſe is the Section 
of the Pipe at the Place of the Stroke, and Height the whole Height of the 
Water above that Place, ſtriking with the ſame Velocity that the Valve falls. 
If the firſt Stroke of this Water makes the Lead ſwell outwards but the 
tooth Part of an Inch, the Lead having no Elaſticity, will remain in that 
Poſition, and not ſhrink back: Then ſuppoſe the next Stroke ſwells the 
Lead outwards the 100th Part of an Inch more, the Lead of the Pipe will 
be a little wider, and remain ſo: The next Stroke will ſtill make it wider, 
and fo on for many Strokes, till at laſt the Pipes ſo widen'd and Lead be- 
come fo thin, that it muſt break. And you muſt conſider here, that as after 
every Stroke the Pipe is wider; as for Example, the Section t 4 is greater 
than the Section 4b, andthe Section F e is greater than the Section d, the 
Force of the Water ſtriking (which, as we have already ſaid, is equal to the 
Weight of Water, whoſe Baſe is the Section at the Place of the Strode where 
the Pipe yields, and Height the Height of the Water above the ſaid Place,) 
will be grearer every time than other, and the ſooner burſt the Pipe. An 
Iron Pipe therefore is beſt t be uſed, Which, tho“ it werte im it ſelf as weak 
as the Lead, will not be liable to remain widen'd (tho” each Stroke ſhould 
make it yield) but return agait to its own Dimenſion after every Stroke. The 
lame will happen in Pipes of Wood, becauſe Wood is elaſtick. I have ſeen 
many ſwellings of the kind above-mentioned in Conduct Pipes of Lead, which 
have been chang'd on that account for Pipes of Wood or Iron; or, if con- 


tinued of Lead, made much thicker and more coſtly, than otherwiſe wou'd 
have been required, N 


— _ — ©. 
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NB. I once thought to have given here Monſ. Marriott's Rules for 
Jets; but when 1 conſider'd that my Reader in ſome Caſes muſt he at a great 
deal of trouble to make his Tables ufeful, by reducing the French Meaſures. 
| both of Length and Capacity to the Eugliſʒ, therefore I have choſen to give 
Tables calculated from my own Experiments and Obſervations : for tho? up- 
on trying his Experiments, I found moſt of them to anſwer, yet as to * 
Expence of Water running out of any Veſſel or Receptacle, or ſpouting in a 
Fountain, I have generally found. it leſs than what he . But for the 
Deficiency in the Height of the Jet, from the Height of the Reſervoirs, we 
exactly agree. 17 4 

A cunic Foot of River or Pond- Water weighs 62,4996 Pounds Averdu- 
poids; inſtead of which we will reckon 625 Pounds, becauſe the Water of 
ſome Springs is heavier than Rain-Water, or River or Pond- Water. 

Ir there be fix'd to a Spring, to the Side of a Pond fed with Springs, or 
to the Side-Bank of a River, a Board cut with a ſquare Notch in it, one 
may by meaſuring the Breadth and Depth of that Notch know what Quan- 
tity of Water is given in an Hour from any of thoſe Places, in the following 
manner. | K+ 15 818 | 

Havixc made an Experiment (and often repeated it). of Water running 

thro* a ſquare Inch Hole, the Surface of the Water being 25 Inches above 
the Center of the ſaid Hole, and kept to that Height; the Water running 
out in an Hour appear'd to be 5,2 Tons, or 5 Tons 50 , Gallons, This 
Experiment (according to the Propoſition. No 18. Experiment 19, of this 
Lecture) is a Foundation for a Table, ſhowing how much Water will be 
given thro? a Square vertical Hole of an Inch, from 25 Inches under the 
Surface. As allo how much will be given by a Square Notch an Inch wide, 
from 1 Inch to 25 Inches deep; and when the Notch is wider than an Aach, 
you mult multiply the Quantity of Water that a Notch. of ſuch a Depth in, 
the Table gives, by the Breadth of the Notch in your Board. 
* NB. It the ſhalloweſt Notch be 14 Inch deep, we call it but an Inch, be- 
cauſe thro* ſuch a Notch (if the Board be 2 Inches thick, as it ſhould be) 
the Water falls ſo much as it comes over the Board, that at the Edge of it, 
it is only 1 Inch thick, tho? the Surface of the Water is at ſome Diſtance, to 
whoſe Preſſure muſt be attributed the Velocity of the iſſuing Water, is half 
an Inch above, or 1 Inch above the Center of the Wa'er coming out of the 
Notch, There muſt be ſo much fall from the Spring, Pond or River, that 
the Water coming out firſt, may not be a ſtop to that which follows it. 
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Where the Notch is very wide, as in Caſcades, the Water does not fall ſo 
much, and therefore one may reckon for every Inch 1 Ton an Hour for a 
round Number! ; tho* when the Surface of the Water at the Place where it 


falls is but 4 of an Inch below the Surface of the Reſervoir, the real 8 
lity is but 0,82 of a Ton in an Hour. 


By this means we thall know how much Water we have to ſupply our 
lets; and now we muſt know What is the Expence of the Water ſpouted 


cut at our Jets, in ore — 3 — and of what 
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Angotat.-. \Bignef to make them. We know by repeated Experiments, that Water 
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ming down, perpendicularly out of a Veſſel runs out in 2 greater Quanticy 


EE a. than i it came out horizontally thro” the ſame oe; and i ic ſ; ird ur... 
wards, the Expence of Water will be ſtill leſs“ *Pherefote in its ke Plat. 


we ſhall give a Table uſeful for this Purpoſe. But firſt» we will ſhew the 
Reaſon why, vertical, Jets do not riſe ſo high, as the, Reſervoirs that ſupply 
them, which is the Keaſon that they give les Water than if they went to the 
full Height. ”. £420 4 TWIT BOK MN ! 5 18 u ved mn : 

Trex are four Cauſes hy Jets do not ſpout up 1 ** to the Heights of 
their Reſervoirs. The firſt Cauſe is, that as all the Particles of Water that 
form the Column of a Jet ſet out with the ſame Velocity, and that Veloci 
is continually diminiſhing, the Water that comes after ſtrikes againſt that 
which goes vefore, and (becauſe Fluids pum every way) the Column is 
widen'd by ſuch an Impulſe, and conſequentſy ſhorten'd... This would be an 
Hindrance to the Height,-tho' the. Jet were to ſpout in vacuo. The ſecond 
Cauſe is, that the Water Which is at the Top of the Jet does not immediately 
run off, but makes à kind of a Bat at the Top of the Jer; whoſe Weight, 
while it remains there, hinders the Jet from riſin ſo high as it would do. 
This may be remedies by ineliving the Jet à little; er then i wilt riſe higher 
but be leis heautifuk Ir... 

Tut third Cauſe is the Eriction againſt the Sides of the Hole of the Aju- 
tage, (or ſpouting Pipe) which wil make a ſmall Jet riſe to a leſs Height than 
a larger from the ſame Reſervoir. "This may be remedied by encreaſing the 
ſpouting Holes in Proportion to the Height of the ſpouting Water; provided 
always, that the Holes are not. made too wide for the Pipe of Conduct, but the 
Rules given in that, Caſe.are. obſer vd. . 

Tur fourth Cauſe, Which, is the Air's Reſiſtance, cannot be-remov'd ; but 
we always know what it is, vi. the Air makes a Reſiſtance in Proportion to 
the Square of the Velocity with which the Water of the Jets of different 
Heights ſtrikes it. Thus if a Jet of five, Foot high has Toſt one Inch in 
Height coming from a Reſervoit of five Foot, and one Inch high, a Jet pro- 
duc'd from a Reſervoir of 14 Foot four Inches, will riſe but 10 Foot, loſing 
four Inches in Height, becauſe as it ſtrikes the Air with a double Velocity, it 
meets with a Reſiſtance as the Square of that Velocity ; that is, four times as 

reat. 5 Fe TS 
x HERR follow two Tables, the firſt ſhewing by what Heights of Reſervoirs 
Jets of a determinate Height muſt be produced: and the other ſhews what Jets 


will be produe'd by Reſervoirs of a determinate Height. 
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in Feet and Decimals of a Foot to what er 
b. Height of five Feet to 150 Feet. | © 


4 TABLE of the Heights of * Jets. producd by Mt bobs 1 % 
Heigbis between g and 150 Feet. 


iN Jer;Peer Nel. ets, Rel. Jets, Ref. | (Jets, Ref. Jets, 
and De- Net. Feet. Feet . cet Feet. Feet 
in Feet. cimals. 2 * und and | and 
| | 0. 20d 1oths., D toths. 1 11oths./ 
>» 138 7 72 — * 47 r "68: $7412þ 89 71581 
9 8. 2 12492 45 142-09, 59 550 99 725 
Z 84 25978 1% 142,87 70, 158,501 9 73,25 
„ eee 532 14305 71 159,28] 92 | 73.82 
91 8,74 Þ 30[27,48 31 [44.42 72 93 74,49 
10 | 9,68 | 31 28,2 52 45,9 73 bo. 71 9475,16 
it [10,62 32 [29,16 53 [45,96 74 ies 95 75,83 
12 11,5 33 130 54 ['4 5,72 75 [62,13] 96 | 76,49 
13 [12,48 | 34 3,83 5 47:48) 76 162,84] 97 77,15 
14 [13,40 | 35 [31,63 5846,24 77 [63,540 98 | 77,81 
15 14,31 36 132,47, 57 148,99; 78 64,24 99 | 78,47 
16 15,22 37 [33:29 58 [49,74 79 [64,94'100 | 79,12 
7 16,13] 38 [3411 - 59 5,49 80 [65,04,110 35,50 
1 17,03 | 39 [34,93 ©0 51,24 81 66,33, 120 91,56 
19 1592 40 35,74 ©1 51,99 82 67,2130 97,99 
20 1 41 36,55 62 [52,73 83 67,71140 102,97 
21 1, 7 | 42 [37,35 63 53,47 84 8, 40150 107, 87 
22 [20,58 | 43 38,14 64 54420, 85 [69,08 
23 [21,46 | 44 [38,93 65 54.93, 86 [69,76 
24 122,33] 45 39,75 6655,55, 87 70,47 
25 123,201 46 40,53 67 56,30 88 71,14 
S 2 SINCE 


132 Cop I Philoſophy. 
Annotat. Stex the Expence of Water from the ſame Height of Reſervoir through 
Leect. VII. Holes of different Bores, is as the Square of —— the following 
able was calculated from Experiments and that Principle. The Experiment 
| | was of an Hole of a round Inch, diſcharging a little-more than 80 Quarts per 
Minute under an Height of 25 Inches. | 


 Hight of the Reſervoir 8 Foot 4 Inches 
— — 


# - —: 4 os — — 


in Inches and Pari of an Minute. 
F 
* ——rðd b.nA— 2.3 
| —— — 40 
| ; 4 wa WW A 
| 1 — 160 
1 
_ 2 25 
N. B. If you would find. the Expence of Water from Jets of greater 
| Heights, only encreaſe the Quantity given here in Proportion to the ſquare 
| Roogs of the, Heights... {ti oh nab IAG T! 
| As the Jets do not run out horizontally here, the Quantity of Water is 
4 ſomething too great for perpendicular Jets; therefore as the Quantity is to 
| | be diminiſh'd, we may take the Expence of Water, not according to the 
| Square Roots of the Heights of the Reſervoirs, but according to the Square 


Roots of the Heights of the Jets. We have therefore calculated the follow- 
| ing Table after that manner, ſhewing in the firſt Column the Heights of the 
| Reſervoirs; in the ſecond Column the Heights of the Jets produced by thoſe 
| Reſervoirs and in the third the Expence of Water in a Minute through an 
4 Ajutage 4 Inch in Quarts and Decimals of Quarts. 
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ATABLE# tha-Expeace of Water in one Minute, from Reſervoirs of different 


Heigh's thro' an Ajutage of 4 quarter of an Inch Diameter. 
1 i eight of Jets i i 
r I 
＋ 5 1 — 4 — —e —— 
7 — — — 6,84 — ——— 950 
E22 ͤ ͤ——— marr 
9 — — bei. ) 6. the: > 77h, 10, 1 
— 98 ———— 10,7 
I ———— 10,62 ——————— 11,2 
— — 
12 — —— 12,48 12,2 
| — — 13,40 12,68 
15 —— — 14.31 — 13,1 
16 — 15,22 — 13,54 
17 16,13 14 
8 — 17,0; — —— 14.26 
nn + - + ere 
20 — — —ñ—— — 
| = 


Now, ſince a perpendicular Jet of Water holds more than an upright cy- 
lindrick Pipe of a Diameter equal to the Ajutage, and as high as the Jet, it 
is certain that the Expence of the Water here is ſomething too little: there- 
fore thoſe who-wou'd be nice, muſt take a Mean between the Expence of 
Water given by this Table, and that given by the laſt. L228 | 

Is order to bring the Water to our Jets, ſo that they may play to the ut- 
moſt Height which they are capable of, we are to conſider what Diameter we 
muſt give to our Conduct Pipes in Proportion to the Ajutage thro? which we 
are to play our Jet. As for the beſt way to conduct Water in general, we 
have already ſpoken of it. | 
* Ir we find (as we really do) that a Conduct-Pipe of 14 Inch Diameter 
from a Reſervoir, whoſe Height is 3 Foot, ſupplies a Jet of 4 Inch Ajutage, 
ſo that it ſpouts to its full Height ; 'we are not to 3 that it will ſup- 
ply Water enough to play a Jet from a Reſervoir 10 Foot high to make it 
raiſe its full Height, tho? thro* the ſame Ajutage; becauſe as the Water of the 
Jet riſes with more Velocity and in greater Quantity, the Water of the Pipe 
of Conduct muſt have Room to allow to ſupply that Expence of Water 
fully, otherwiſe there will be a Friction in the Pipe, which will retard the Sup- 
ply of the Jet: and much leſs will it do it, if the Ajuatge be of a wider Bore 
as it ſnou'd be in an higher Jet. To ſet this right, here follows 
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Leet. VII. 2 TABLE of the Diameter of the'Pipts of Condut and the differint Afulagi 
nas Ten ee ting t the High of the Referers a Ne EIS 


1 Ee —— 


Allen ary i rent int PEEPTE 5 7 n 

ee 125 Diameter of the Ajutages. Diameter of the Pipes, 

5 Feet I or half an Inch, or .————— 1 Inch and 3 Quarter. 

10 ——,+ or + Inch. ————————— 2 laches. 

15 —— Half an Inch ———————— 2; Inches. 

20 ——＋ Half an Inch. 2; Inches. 

25 — Half an Inch. 2; Inches. 

30 — Half or 4 of an Iach . 3 Inches, or 3: 

40 —— x of an Inch. 4; Inches. 

50 —— xz of an Inch. 5 Inches. 

60 — An Inch. 5 or ö Inches. 

80 - An Inch and Quarter... — f or 7 Inches: 


Here we ſuppoſe the Reſervoir to be pretty near the Jet, as not above 100 or 
150 Vards from it; but when the Conduct Pipe is very long, it myſt be en- 
creaſed in Diameter. I have found by Practice the following Proportions to 
anſwer very well. For Jets from + ef an Inch diameter to thoſe of an Inch 
and a quarter, and from an Height from 40 Foot to about 90, if the Diſtance 
be from 130 Yards to à quarter of a Mile, the Pipe of Conduct will do well 
if it be of 6 Inches Diameter: from a quarter of a Mile to 2 Miles it muſe 
be of ſeven Inches Diameter: and from 2 Miles to 5 Miles, the Pipe muſt 
be of 8 Inches Diameter fer the ſame Jets... 
I x you would keep 6 Jets of of an Inch conſtantly playing, having Wa- 
ter enough to do it, you muſt conſider What wou'd be the Diameter of an 
Ajutage giving as much Water as all the 6. Multiply g Quarters Square of 2 by 
Six, which will give you 54 of which the ſquare Root is 7, 3 quarters, or neat 
1 Inch and + for the Diameter of an Ajutage of equal Contents with the ſix A- 
jutages of à of an Inch each. Then take for your Conduct a Pipe of ,7 times 
the Diameter of Ajutage, which will be of 13 Inches, where with you muſt 
bring down the Water from your Reſervoir: I hen When you come to divide 
it into the ſix. Pipes leading to the ſeveral Jets, let thoſe Pipes be each of 6 
Inches Diameter, the better to avoid the Friction, tho? ſix Pipes of 5 Iaches 
and a quarter would carty all the Water brought down by a 13 Iach Pipe. 
Such a Pipe as this ſhou'd moſt properly be made of caſt Iron in lengths ot 
12 or 15 Foot, with Flanches to be ſcrew'd together with Lead between. 
- The thickneſs of theſe Pipes need not be above Z of an Iach in the thin- 
neſt Place for even 150 Foot in depth; but the Founders will hardly caſt 
them under an Inch thick. Thoſe Perſons who have large Elm-Timber vp- 
on their Eſtates may make uſe of that, uſing two Conduct Pipes of gz Inches 


Bore inſtead of the 1, Inch Pipe, to which they will be equivalent. r 
2 wou 
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would be tod expenſiye, as it wou'd require a gteat Thickneſs, for the-Rea-1g ,gethes 4. 


ſuns given aba J. | 1 0 I ld o 
Is uſing Elm Pipes you muſt always take care that they be bor'd in the 
Heart of the Wood, and that the Heart be of ſufficient; Thickneſs about the 


Lect. VII. , 


Bore of the Pipe. As for example, the Pipes that lie from 80 to 140 Feet 


under the Surface of the Water in the Reſervoir, muſt have the Heart of Elm 
three Inches thick after it is bor'd;; for which ſort. of Pipe a Tree muſt be 
made ule of, no leſs than is Inches thick in the ſmalleſt Part: for a Depth 
from 60 to 80 Feet, the Heart muſt be 24 Inches thick; which a Tree of 17 
Inches Diameter will ſupply: for a Depth from 30 to 60 Feet, the Heart 
muſt be 2 Inches thick, Which a Tree of 16 Inches Diameter will ſupply :» 
and for any Height under 30 Feet, the Heart need be but 1 Inch thick, 
fot which a Tree of 14 Inches will ſuffice. From theſe Proportions you may 
know how thick the Heart of Elm ſhould be for Pipes of leſs Bore at the ſame 
Depth, taking it thinner in Proportion to the Squares of the Diameters of the 
Bores, the Reaſon of which will be ſhewn. Thus a Pipe of 4 Inches Bore: 
at a Depth of 100 Feet, need have the Heart but 4 of an Inch thick; be- 
cauſe, as 8 1 the Square of 9: is to 20 the Square of a Bore of 4 4: ſo is 
three Inches: to Z of an Inch. Elm Pipes, ſuch as I have deſcrib'd, will laſt 
20 or 30 Years. i When the Water is brought to the Baſon, where the Jet is 
to Play, the Pipes muſt be of Lead, that there: may be no occaſion for taking 
them up again upon any Accident. There are caſt Pipes of Lead; and Pipes 


turn'd up of tough Lead, and burn'd together in the ſame long wiſe, and alſu 
burn'd together wich Lead in the Joints as they ate laid in the, Field, /inſtead 


of ſoldering, which is much cheaper. Leaden Pipes may be turn'd up of any 
Bigneſs; but I have not known Pipes caſt of more than 4 Inches, Bore: but 


unleſs the caſt Pipes are very ſound, they are much worſe than turn'd up 


Pipes. I would not adviſe the uſing of caſt Pipes of more than 2 4 Inches 
Bore; but there muſt be a good deal of Care taking in making the turn'd up 
Pipes, that they may be very round. The Thickneſs-of Leaden Pipes is 
as follows: A ſeven Inch Pipe from 140 to 80 Feet below the Reſervoir, 
muſt be 3 of an Inch thick; from 80 to 60 Feet, half an Inch and half a 
quarter thick ; from 60 to 30 Feet, half an Inch thick ; and from 30 10. the 
Reſervoir, of an Inch. For Pipes of 4 laches Diameter; half an Inch will 
do from a Depth of 200 Feet to 100; from 100; to 40 Feet Depth, + of an 
Inch; and from 40+to the Reſervoir, of an Inch in Thickneſs. All the 
Thickneſſ:s here given are ſufficient, as having been tried: but if any 
Peron would exactly know what Height of Water a Pipe of any Bore 
and Thickneſs will ſuſtain without burſting, it may be try'd in the following 
manner. a1 0902; "8 1 . | j 1-261 
Plate 12. Fig. 2. 

Taker a Piece two or three Feet in length of the Pipe whoſe Strength you 
would know; as for example, the Pipe A BC, bent up at B, above the Level 
of AC, and turn'd up at each end, as A and C. At the end A let there be a 
Braſs Screw ſolder'd, that the Siringe or Forcer 8 may be ſcrew'd to it, ſo as 
to 
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 Annotat, to draw out Water from the Veſſel V to force it into the Pipe. At the End d 
Le&; VII. muſt be cemented on a conick Braſs Valve D, whoſe lower End muſt be juſt. 
＋＋＋ naa lach Diameter, and from whoſe upper Part the Wire or Shank DE muſt 

riſe; perpendicularly to receive the Weights f, g, B, i, &, Sc. to be put on 
upon the Valve. Then force in Water into the Pipe, and as. 5 om are 
lifted off of the Valve, lay on more till the Pipe burfts, which it will do at B, 
the Place where the Ait is condens'd, if it be no thicker in that Part than the 
reſt of the Pipe. To find by the Weights on the Valve, what Height of 


Water the Pipe will bear, you muſt conſider what folloswWs. 00 noi? 
TRTV-sIxcylindrick Inches, or the Water contain'd in an upright Pipe 
of an Inch Diameter, and one Yard high, muſt be teckon'd Ib. Weight 
Averdupois; becauſe cho“ Rain · water is between a 4oth and a goth Part 
lighter,” we may well allow that Difference for the Impregnation of Water 
from Minerals, or its Foulneſs upon many accounts. If the Pipe be but an 
Inch Diameter, one Pound muſt be reckon'd for every Yard in Height; but 
if the Bore be greater, the Square of the Diameter of the Pipe muſt be multi- 
plied by as many Pounds as there are Yards in the Height requit'd. Thus if 
a Pipe be fix Inches in Diameter, and 30 Feet in Height; ſquare the Dia- 
meter, which is 36, and multiply that Number by 10, the Tards in Height, 
and you will have 360 Pounds for the lay 4" of the Water in the Pipe, by 
which. it endeavours to break at Bottom. In the Experiment therefore if the 
Valve bears but lb. (for example) before it breaks, you muſt netithink that 
an Height of Water of nine Yards would break it, unleſs the Pipe was but 
an Inch Diameter: but if it be of 'a bigger Bore, as, for example; of three 
Inches, you muſt multiply rhe Square of that Number by nine, which will 
give you 81, the Number of Yards in Height requir'd for the Water to break 
ſuch a Pipe. Then you muſt take a Quarter" from that Number to know 
what Height of Water the Pipe will ſuſtain in Practice without Danger, which 
Will de 60 Tards | o i tt 2387.4 C 
- Is the loweſt place of the Pipe of Conduct there ſhould be a Plug to drive 
out, or a- Cock,” whoſe Water-way muſt be equal to that of the Pipe, to let 
out the whole Water upon occaſion; in order to cleanſe the Pipes. All the 
Cocks in the Pipe of Conduct muſt have their Water way equal to the Pipe, 
otherwiſe they'll check the Jets, and therefore the Pipes muſt be made wider 
where the Cocks are put in, in order to receive the Shank of the Cocks. 

Ir by often playing your Jets the Water in the Reſervoir comes down 
within 4 Foot of, or nearer to, the Mouth of the deſeending Pipe, the Water 
will make a Funnel}, whoſe Inſide is only Air, and not go out in ſufficient 
Quantity therefore in thoſe Cafes the Pipe muſt be made like a Funnel open- 
ing two or three times wider at the Mouth, and not come to its true Bore, till 
x has deſcended two or three Feet. There is indeed a Caſe, where we may 
make uſe of a Cock, whoſe Bore is a great deal leſs than that of the Pipe of 
Conduct, without any Prejudice to the Supply from the Reſervoir, (that is, 
without any Liminution of its Quantity) and that is, when the Jets ſupplied 
by the Reſervoir open much below, and at a great Diſtance from it; provided 
this Cock be but a little below the Bottom of the Reſervoir.” | The Reaſon ++ | 

| 
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this we ſhall ſhew, when we ſpeak of Water running out from the Bottom of Annorat. 
Veſſels. In the mean time this Conſideration may be very uſeful in Practice, Lect. VII. 
eſpecially where the Pipe or Pipes of Conduct are very large, as of ſeven, ww 


eight, or nine Inches Diameter; in which a Braſs Cock of the Diameter of 
the Pipes might coſt 50 or 60 Pounds: whereas a Cock of a much leſs Dia- 
meter not coſting above 10 or 12 Pounds, will give all the Water that the Jets 
will require, or a long 4 * of Conduct will ſupply. But ſuch Cocks muſt 
not be uſed in the lower Parts of the Conduct, or near the Jets, as I have 
already hinted, nor muſt the Conduct have angular Elbows, or be contracted 
any where into a ſmaller Bore. 8 

Tuo' the Water is retarded in paſſing thro* a ſmaller Bore, one would not 
imagine that it ſhould be retarded in paſſing thro? a larger Bore ; but yet it is 
true. It is indeed certain, and it may be deduc'd from what we have demon- 
ſtrated, that every Section of a Pipe of Conduct is equally prefs'd by the 
Column of Water above it, be the Pipe containing that Column of Water 
wide or narrow, or of any Shape whatever ; but then this is only true, when 
the whole Water is at reft. 

In the running of the Water, where the Conduct is larger than any where 
elſe, it is plain that that larger Part containes in itſelf a Cylinder or Pipe leſs 
than itſelf, and of the Bore of the reſt of the Conduct; and therefore that the 
Water will run as eaſily at leaſt, if not more eaſily, thro' a Pipe made of 
Water, as thro' a Pipe of the ſame Bore made of Wood, Iron, Copper or 
Lead, Sc. and that there muſt be no more Friction to hinder the running 
Water, (nay leſs) than if the containing Water was frozen. There would in- 
deed be no more Friction in a Pipe of Ice, than in one of Wood, or Iron, Sc. 
hut when the containing Water is not frozen, it makes a Retardation in 


proportion to its Quantity; becauſe it muſt be put into Motion by the Water 
that comes thro? it, as long as it remains fluid. 


JusT by the Ajutage where the Pipes of Conduct turn up, they mult not plate 12. 
riſe at right Angles, as at h d in the third Figure of Plate 12. but bend up in Fig. z, 4, 5 


a Curve, as at B, C, Fig. 4. and tho' we are not to diminiſh the Diameter of 
the Pipe of Conduct, as ſome ignorant Plumbers do, but carry it on to'the 
Ajutage; yet in very high and large Jets, we may within a few Inches of the 
Ajutage narrow it by Steps, as at B, F, C, D, E, in Fig 5. to break off 
= 2 Blow that the Water will give at the Beginning of the Play of 
the Jer. 

For our Ajutages, we muſt not uſe cylindrick or conick ſpouting Pipes, ſuch 
as are uſed, and are neceſſary, in Engines to put out accidental Fires; but the 
Water muſt ſpout thro? a ſmooth Hole in a Plate on the Top of the Cap which 
we put on at the fiſing End of the Pipe of Conduct. This Plate need not be 
above „e of an Inch thick for a Jet not exceeding 20 Feet in Height: +; of an 
Inch from 20 to 35 Feet; from 35 to 50 Feet, , of an Inch; from 30 to 65, 
from 65 to 80, ; and from 80 to 150, : that is, a ſhort cylindrick 
Pipe under an Inch in length will be ſuffi ient. N. B. Here we ſuppoſe the 
Pipe of Conduct not to exceed five Inches in Diameter; but if it be more 

Vor. II. T the 


- 
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| Annotat. the Thickneſs of the faid Plate muſt be encreas'd in Proportion to the Di. 


Lect. VII. ameter. 

5 Ir at any 
account we muſt enlarge our Pipes of Conduct, or to have them play from an 
higher Reſervoir, or both; we muſt conſider in what Proportion to increaſe 
the Thickneſs of our Pipes, eſpecially if they be of Metal, for example, of 


Lead. 


time we'want to encreaſe the Bigneſs of our Jets, upon which 


If we double the Diameter of the Pipe, we muſt double the 


neſs of the Lead, to enable it to bear the quadruple Preffure which the 
Water will then give. 
- Height : and for double the Height, and double the Diameter, muſt quadru- 
ple the Thickneſs. | 
BesiDes all th 
out of the reach of Froſt in Winter: and if that can't be done, every hard 
Froſt the Water muſt be 


Place, 


We muſt alſo double the Thickneſs for double the 


is, the Pipes muſt be laid ſo deep in the Ground, as to be 
all let out of the Pipes by the opening at the loweſt 
Brroxx you make the ſeveral Caps to ſcrew on to the End of the Conduct 


Pipe for your Ajutages, you may try the Beauty of Jets of different Bores, 
thro? different Thickneſſes of Plates, by the following Machine, which 1 con- 
triv*d for that Purpoſe. | 


Plate 12. Fig. 6 


Tur Machine A B C D, conſiſts of a Braſs Plate A D three Inches 


Fig. 6, 7, 8,9, ſquare and near + of an Inch thick, with an Hole of an Inch and = in its 


Middle at E, and a female Screw under, to ſcrew it faſt to- the End of the 
Conduct Pipe. At two of the Ends of this Plate is a ſquare Gibbet of Brals, 
GB and HC, thro' the Top of which comes down a Screw at 8, lifting up, 
or depreſſing, a narrow Braſs Plate, (ſuch as is repreſented by Fig. 7.) riveted 
to its Bottom at P, ſo as to pinch, and hold faſt any thing under it. Then 
another Braſs Plate, as R R, (Fig. 8.) fix Inches long, two Inches wide, 
and sg of an Inch thick, with three or four ſmooth Holes in it, one of one 
Inch, another of + an Inch, and a third of + of an Inch Diameter, Sc. is to be 
ſlipp'd in under P and P, fo that one of its Holes may lie over the Hole E: 
then preſſing it down tight by means of the Sczews 88, you may let your Jets 
play ſucceſſively thro' any of the Holes, to ſee which Jet you like beſt ; and 
make your Ajutage Caps accordingly. 
Plates, of different Thickneſſes, and different Sizes of Holes, with a Leather 
under each of them. The ninth Figure repreſents this Machine ſeen end- 


wiſe. 


N. B. You may have ſeveral of thele 


ewing how much the 


Ir we compare the Tables of Page 130, and 131, ſh 
Heights of Jets fall ſhort of the Heights of Reſervoirs, with Experiments 
made with the Machine of Plate 10. Fig. 3. whoſe Height is about two Foot, 
we ſhall find the Height of the Jets made by this Machine to fall very ſhort 
of the Height proportionable to the Heights in the Table; but the only Rea. 
fon of this Difference is the Smallneſs of the Ajutage; for if the Diameter of 
it be leſs than the Diameter of a Drop of Water, the Attraction of Coheſion, 
which is able to hold Water together to the Bigneſs of a Drop, will extend itſelt 
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croſs the Hole, ſo as to act ſtrongly 


meter) then the Jet will only be hinder'd by the Friction of the Sides of the 
Hole, and riſe to the Height mention'd in the Table. Therefore in all Jets, 
whoſe Diameter is under s of an Inch, we muſt expect the Height to be 
much diminiſh'd upon this account, | | 
Ox may ſatisfy one's ſelf of the Truth of the Tables of the Expence of 
Water, Page 129, and Page 133, with a ſmall Quantity of Water, by the fol- 
lowing Experiment, which I found to agree with thoſe made upon greater 
Quantities in Ponds and Rivers. | | 


Plate 12. Fig. 10. 


Oppoſite to this Hole is fix d an horizontal Plate, about three Inches ſquare, 
at P, In the fore-part there is an Hole two Inches ſquare at H, whoſe Top is 
level with the Bottom of the Hole L. In the Inſide of the Front C H, be- 
hind H, are two Grooves not ſeen here, for a Braſs Plate to ſlide in with an 
Hole of any Size, to reduce the Opening at H to what you will. Nine 
Tenths of an Inch below the Top of the ſquare Hole at H, is drawn on the 
outſide the Line FG, to direct one to place the Center of the Hole of the 
liding Plate always at the ſame Level, and g of an Inch below the Plate, at 
which the Surface of the Water will always be in the Experiment. I is a 
{quare Veſſel to receive the Water expended, and B is a Barrel, or any Veſſel 
big enough to ſupply it, at leaſt for a Minute. DE is a perpendicular Plate 
going down within four Inches of the Bottom of the Veſſel, to hinder the 
Water coming out at B from making Waves towards P, but with many Holes 
in it, not to check the coming of the Water forward. Having ſlid in a Plate 
behind H, with a round Hole of an Inch Diameter, and brought its Center to 
the Line FG, make the Edges of this Plate tight with a Cement of . Turpen- 
tine and Bees-Wax, that the Water may only come out at the Hole. Then 
whilſt you hold your Hand againſt the Hole at H to ſtop it, let ſomebody fill 
the Veſſel up to the lower Partof the Hole L, at which time the Water will 
juſt wet the upper Part of the Plate P, which ſhews the true Height of the 
Surface of the Water, (becauſe on the Sides of a Veſſel the Water riſes higher 
than its true Surface.) Then unſtop the Hole H juſt in the ſame Inſtant as 
another Perſon unſtops the Hole at B, while a third takes the Time of the Wa- 
ter running into the Veſſel I, which muſt be ſuddenly remov'd at the End of 
one Minute, and you will find in it juſt 13 Quarts, which an Inch round Hole, 
whoſe Center is 2; of an Inch under the Surface, has afforded ; which is at 
the rate of one Ton an Hour. If you make uſe of a Plate with a Hole of 
half an Inch Diameter, the Water running out will be three Quarts, and + a 
Pint in a Minute, according to the Square of the Diameter of the Hole. If 
you make uſe of a Plate with an Hole of + of an Inch, the Quantity of Water 
1 expended 


139 


| againſt the Force which is puſhing the Annotat. 
Water upwards, and thereby diminiſh the Height of the Jet. For when it is Lect. VII. 
« of an Inch Diameter, (and a Drop of Water is under r of an Inch Dia-... 


ACG is a Tin Veſſel two Feet long, 10 Inches wide, and 13 Inches deep, Plate 12 
with a long ſquare Hole in its Side L, one Inch deep, and three Inches long, Fig 10. 
whoſe Bottom is one Inch and an half below the upper Edge of the Veſſel. 
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expended ſhould, according to the above-mention'd Proportions, be 1 Pint 
7 1715 mk in a Minute ; bur by will hardly be 1 Pint and , becauſe the Friction 
s- proportionably greater in ſmall Holes than great ones, in regard to the 

4 Quantity of Water; this laſt being as the Squares of the Diameters, whilſt 

that is as the Circumferences, or as the Diameters of the Holes. Here Care 
muſt be taken to have the Center of each Hole in the ſame Line FG; for if 
we ſhould place the ſmaller Holes with their Tops at the fame Height as the 
- Top of the great Hole, we ſhould have til] leſs Water from ſmall Holes, 
not only in proportion as the Squares of the Diameters are leſs, but alſo in pro- 
portion as the ſquare Roots of the Height of the Surface of the Water above 
| the Centers of the Holes are leſs ; beſides the Friction already taken notice of. 
Plate 2. Thus in Fig. 11, if you conſider the Top of the three Holes B, D, E, of an 
Fig. 111 + Inch, + an Inch, and + of an Inch in the Line LL, the Holes D, and F, will 
loſe of the Quantity of Water they ſhould give according to the Squares of their 
Diameters, in proportion as the ſquare Roots of the Height CD and E F are 
leſs than the ſquare Root of the Height AB. AB=0,9 Inch, CD=0,6; 
Inch, EF=0,525 Inch: their Roots are 3; 2,54, and 2, 29: Therefore as 
3: is to 2,54: : ſo is 6 Pints: (the Water that D would give, if its Center 
was as low as B) to the Quantity it will give, when its Height is only CD: 
That is, 5,3 Pints, (diminiſhing ſtill more upon account of a greater Friction) 
five Pints and a quarter. Thus allo will the Hole F, inſtead of one Pint and 
5, give but one Pint and . | 
AGAIN ; if we make the Experiment with a large and a ſmall Hole, (as 
1 with an Inch Hole, and one of + Inch Diameter) with the Center only gs of 
* an Inch below the Surface of the Water, ſee Fig. 12. then the great Hole 
will give leſs Water than in Proportion to the m_ of its Diameter ; be- 
| cauſe the Surface of the Water over the great Hole will fall near of an 
. IIach, on account of the great Waſte thro' ſuch an Hole, whilſt the Water 
over the little Hole keeps its Height, without any ſenſible Diminution : and 
this does the ſame as if the Center of the great Hole was only e of an Iach 
under the Surface, whilſt the Center of the little Hole is ſtill fix Inches 
below it. 
1 FORGOT to give a neceſſary Caution relating to the Baſons in which the 
Jets play; which is, that we muſt always have it in our power to clean the 
End of the Pipe of Conduct from any Foulneſs that might diſturb the Jet. 
Plate 12. If the Baſon, as ABCD, Fig. 13. be pav'd with Brick or Stone, and the 
big. 13. Conduct Pipe, as EFG, be brought on upon the Bottom, juſt at the lowelt 
| Part of the Bend, there muſt be the ſhort horizontal Pipe FH, to beropen'd 
at any ume at H, in order to cleanſe the Pipe FE from any thing that ſhould 
come into it accidentally, But if the Baſon be not pav'd, (as is the caſe in 
great Baſons) and the Pipe of Conduct coming below EM, the Level of the 
Ground, runs under the Bottom of the Baſon, as at IK; beſides the ſpouting 
» | End that turns up to K G, the Pipe of Conduct muſt be continued horizon- 
tally to the farther Side of the Baſon at L, where it muſt end in a Pit, as 
LM, where it may at any time be open'd and cleans'd. wn 
| 2 HE 
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Wrzn Water is brought into a Reſervoir, either by an Engine, or from 
Springs, to ſupply the ſeveral Inhabitants with Water; that every Teaant 
may have a Quantity of Water in Proportion to what he pays for it, it is ne- 
ceſſary the Water ſhould be ſo exactly aiftributed, that each ſhould have what 
he agrees for; or that if there ſhould be a general Want of Water, each one 
ſhould loſe-in Proportion to the Quantity that belongs co him. To perform 
this exactly, there muſt be made a Gauge- Veſſel ſquare, (for exampie, four 
Feet ſquare) and about one Foot deep, ſupplied trom the Reſervoir with a 
Pipe. having a Cock with a floating Ball fitted to the Leaver that moves the 
Key of the Cock, fo that it may ſhut of itſelf when the Gauge is full, and open 
of itſelf to org it When there is a Want, that there be no Waſte of Water 
at ary time. In the fore part of this Gauge-Veſſe] muſt be fix'd Plates of 
Braſs with ſquare Holes in them, each Hole one Inch Deep, but of different 
Breadths, according to the Water that each is to ſupply. They mult not be 
too near one another, (at leaſt ſix Inches from each other) that the Efflux at 
the greater Holes may not hinder the ſmaller Holes from giving their full 
Quantity. The Surface of the Water, when there is no Deficiency, will al- 
ways be kept at the ſame Level, which muſt be of an Inch above the Top 
of the Holes : then the Hole, whoſe Breadth as well as Depth is an Inch, 
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will give one Ton per Hour; that of half an Inch in Breadth, (the Depth 


always remaining the ſame) half a Ton; that of + of an Inch in Breadth, + of 
a Ton, Sc. ſee Fig. 14. Now if the Springs, or the Engine, do not ſupply 
Water enough to the Reſervoir to keep up the Water to the Height deter- 
min'd above the Holes, each Hole will give leſs in Proportion to that Defi- 
ciency of Height, which would not happen were the Holes round, for which 
reaſon ſquare Holes are preferable. If a Tenant, as, for example, a Brewer, 
who uſes much Water, takes the whole Quantity afforded by an Inch Hole, 
that is, 48 Hogſheads in 12 Hours, he muſt receive it in a Pipe of at leaſt two 
Inches Diameter, and there muſt be fix'd to the Gauge- Veſſel, at the Circle 
CD, a taper Pipe, ſuch as c d, to deliver all the Water coming thro' the 
ſquare Inch Hole into the Pipe or Main that is to convey it away. The ſame 
may be done proportionably for the other ſquare Holes, If the Water com- 
ing out at an Inch Hole be too much for one Perſon, the Spout cd may have 
three ſmall Ends to be ſtopp'd with Cocks, open'd alternately into three 
Mains, ſerving each of them four Hours ſucceſſively. It would be tedious to 
be more particular, or to ſay that when Tenants are leſs exact in their Quantity 
of Water, one Main ſupply'd by one ſquare Hole, with ſmall Branch Pipes 
upon it, might ſerve a Whole. Street. | | 
8. [21, the Atmoſphere.} The Atmoſphere is made up of an Infinity of 
different Particles, ſome elaſtick and ſome not elaſtick, others ſulphureous, 
laline, watery, terreſtrial, which all ſwim in this Fluid in great plenty, and 
will never become Particles of permanent elaſtick Air. Elaſtick Air conſiſts 
of Parts endow'd with a repellent Force in reſpect of each other, and which 
do not touch one another *, (as long as the Air remains in its elaſtick State) 


* When aus come to ſpeak of the Refiftance of Fluids, aue ſpall mention the Experiments whereby 
we find that the Particles of Air do not touch one another. 


whereby 


Plate 12. 7 


Fig. 14+ 


dy 
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Annotat. whereby they form a Fluid of perfect Elaſticity. This Fluid is alſo very 


Lect. VII. electrical“, and is the Vehicle of Sound, which moves in it the more freely 


de more unmix'd the Air is. 
® See the Diſ- 


| 1 9. [22,———dSurface of the Earth is not ſenſibly heated] In Summer time 


city at the when the Ground is heated, the Air is rarefied by that Heat, ſo as to lift up 
End of L. X. the Air above if by expanding itſelf, which it does in Proportion to the 
Nature of the Soil, as it is apt to reflect the Heat which it receives from the 
Rays of the Sun to a greater or a leſs Height: and then the coldeſt Region 
of the Air will not be next to the Ground as it is in Winter, but at ſome 
Height above, as we' find it is upon the top of Mountains : and thereabouts, 
{or a little lower) will the Air be denſeſt. So that'if the 14th Fig. of 
bay ang Plate 12. repreſents the Section of a Column of Air in Winter, whoſe ſe⸗ 
75 14% and veral Parts 1, 2, 3, 4, 5, 6, Cc. are equal in Contents, but unequal in Bulk 
and Denſity; the 15th Figure will repreſent the ſame Column of Air in 
Summer, when the Part 1 dilated by Heat, will lift up all the other Parts 
above it, and then the denſeſt Part of the Column which was before at the 
Bottom under 1, will now be betwixt 1 and 2. Hence it follows, that if the 
Barometer ſtands at the ſame Height at any time in Summer as it did in 
Winter, the Column of Air which contains the ſame Quantity of that Fluid, 
mult. be higher in Summer than Winter: And it is confirmed by the follow- 
ing Obſervation. When it is ſettled fair Weather in Jane and Fuly, the 
Quickſilver in the Barometer always falls a little at 10, 11, or 12 at Night, 
but riſes again about 3 or 4 or 5 in the Morning; becauſe when the ſuperiour 
Air has been lifted up by the Expanſion of the heated Air below, it ſpreads 
and falls off every way, which diminiſhes the Quantity of Air in the perpendi- 
cular Column prefling on the Mercury in the Barometer; but when the 
Ground cools, the Air below condenſes again, and the ſuperior Air falling 
makes a kind of Pit at Top of the Atmoſphere, which being fill'd by the ad- 
jacent Air, increaſes the Column, and makes the Mercury riſe again. 
plate 12. I there be a Curve and Aſymptote, Fig. 16. nl o, whoſe Otdinates 
Fig: 16,17. o m, o-, 0b, —c, o—d, &c, repreſent the Denſity of the Air in 
Winter, reckoning from the Ground upwards; the Curve mult turn again 
towards the Aſymptote coming down to the Earth, that the Ordinates may re- 
= the Denſity of the Air in Summer: that is, if o m, Fig. 17. repre- 
ents the Denſity of the Air at the coldeſt Region (ſuppoſe at topof a Moun- 
tain) O- will reprelent it lower, -“ ſtill lower, and -c at the Bottom, 
or in the Valley. ö 


10. [23. Air whoſe Elaſticity is perfect when it is pure Air, Ge. ] 1 
call that Air pure, which after it has been rarefied by Heat, or condenſed 
by Cold ; (rarefied by the removal of the ambient, or of the ſuperior Air, 
or condenſed by Preſſure from the Accumulation of the ſuperior Air, or 
any other way) upon the Removal of thoſe accidental Circumſtances, returns 
to its former Tenor or Denſity. Thus Air, that has been condenſed in a 
Wind-Gun, will keep all its Force, tho? it be ſhut up for Years. It * rer 
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found at 7 Years end, nay after 16 Years, to have all the Force it had the Annie... 
firſt Day it was condens'd, and ta be capable of dilating itſelf to the ſame 7 ,& yy 
Dimenſions that it had before it was driven into the Gun. But if we conſider . 
things ſtrictly, there is no Air wholly unchangeable; becauſe acid and ſulphu- 

reous Vapours will (as it were) abſorb it, and change it from an elaſtick into 

a fix'd State, as we ſhall ſhew when we come to treat fully of the Nature of 

the Air; what we have now ſaid being ſufficient for our preſent Purpoſe. 


11. [24. The Air is of the ſame Denſity at the ſame Level, unleſs where 
it is accidentally heated or cool d.] Upon chalky and ſandy Shores, the Soil. 
being heated, rareſies the Air by its warm Reflection in ſuch manner, that 
it is thinner than the neighbouring Air over the Sea; but by help of its Heat 
it has Force enough to keep the colder Air iz æquilibrio, nay and ſometimes to 
drive it away, fo as to make a Wind towards the Sea call'd a Land- Breeze in 
the Day-time : but at Night, when the Shore being no longer heated by the 
Sun, the Air over it, ceaſing to be dilated, returns to its former Denſity, 
whilſt the Air from the Sea ruſhing in, makes the Sea - breeze. 


12. [ 2g. This will ſucceed whether the Cock be open or ſhut.] Becauſe 
when the Cock is ſhut, the Air included in the Receiver, as it is of the ſame 
Strength as the outward Air, puſhes the Bladder as ſtrongly into the Cup- ' 
ping-Glaſs, whoſe Air is now much thinner, as the outward paſling thro” 
the Cock wou'd have done. There is only a very {mall Difference owing to 
this, viz.. that the Air in the Receiver when the Cock is ſhut, cannot puſh: 
the Bladder towards the Cupping-Glaſs without expanding itſelf a little, 
whereby it becomes a little weaker than if the Cock was open; but as the 
Encreaſe of Space of the Air of the Receiver is but very ſmall in Proportion. 


to its whole Contents, the Decreaſe of its Spring to weaken it, is almoſt in- 
ſenſible. | 


LZCTURE 
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Leck. VIII. . SYPHON is a bended Pipe, one End of which being put into a 
— — A Veſſel of Liquor, and the other hanging out of the ſaid Veſ- 
ſel over another Veſſel, the Liquor will run from the firſt 
into the laſt after the Air has been ſuck'd out of the external, which is 
the lower End of the Syphon, and that as long as the Liquor in the 

upper Veſſel is above the upper Orifice of the Syphon. 


EXPERIMENT 1 Plate 13. Fig. 1. | 


Plate. 13, HDs is a Syphon, whoſe two Parts HD, DS are call'd its Legs; and 
than by its Operation the Water is drawn out of the upper Veſſel A BCD 
into the lower a 6. When you have ſuck'd out the Air at 8, the Wa- 
ter follows coming in at H, going in the Direction HG DS, and out 
at S, aslong as the Surface E F is above I H, the Level of the Mouth 
of the driving Leg of the Syphon. N. B. Ve call driving Leg, that in 
which the Water goes up; and iſſuing Leg, that thro which it goes down, 
ard fo out. But we can properly call ſhort Leg of the Syphon, only that 
Part of the driving Leg, which is above th: Woter in the upper Veſſel, 
from which the Water is drawn, as the Part DG; becauſe tho” the Orifice 
or Mouth of the Syphin is at H much lower than I, yet the Columns of 
Water contain'd between the Surface E F, and the imaginary Surface 
IH at the Level of H, do heep in æquilibrio the Column of Water GH 
in the lower part of the driving Leg D H, for which Reaſon it ofperates 
„Ann. 1. Only as if the Orifice was at G. * | 


2. Now the Cauſe of the Syphon's running is this. The Air which 
preſſes into the Veſſel ABCD, repreſented by the Column KL, ſuſtains the 
Columnof Water LD inthe ſhort Leg of the Syphon, preſſing againſtthat 
Air with its perpendicular Height DF, whilſt the Column of Air Ms preſ- 
ſing upwards againſt the Hole of the /ong or iſſuing Leg D (which acts ac- 
cording to the Height DC) muſt yield and ſuffer the Water to run out 
as long as the Leg DS is longer (or rather higher in Perpendicular) 55 
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DG. For ſince K and M are ſuppos'd at top of the Atmoſphere, the Lect. VIII. 
Columns KL and MS are equal in Heightand Preſlure.(for the Height of ——— 
L above is of no account in an Height of about 60 Miles) as long as MS Fig. 1.” 

is ated upon by the deſcending Water Ds, whoſe Height is from D tos, 

(ſuppoſe of 15 Inches) an Height ſuperior to that of the Column D G, 

(ſuppoſe of ſeven Inches) ſupported by the Column of Air K L, the Co- 

jumn MS muſt yield to the Water iſſuing out at 8: and however the Sur- 

face of the Water E F deſcends, the Column K L, by its Preſſure, will 

always overcome the Reſiſtance of the Column M S, becauſe it has aleſs 

Height of Water to ſuſtain than M8 has. If the Mouth of the ifluing 

Leg had been at T, the Water would hang in Ægquilibrio, filling Wy 

both Legs of the Syphon, when the Water is come down in the upper "1 
Veſſel to I H T, becauſe then the two Columns of Air K L and 8 : 
will be acted againſt by an equal Height of Water in the Legs of the 
Syphon; but if then you raiſe the iſſuing End of the Syphon, (now 
ſuppos'd at T) up to the Level of 2 V above IH, the Water will run 
back up from*V to D, and fo out at H in the upper Veſſel; becauſe 
then the Column M8, having only the Height VD to ſuſtain, will be 
ated againſt with leſs Force than the Column K L, which is preſs'd 
againſt by the whole Height DH ſuperior to VD. 


3. SINCE the Preſſure of the Air “ is the Cauſe of the Water being“ Ann. 2. 
puſh'd up into the Syphon, and the Difference of its Preſſure (as one * 
Column is ated againſt by the Water in the ſhort Leg more weakly ©, *” 
than another Column of Air is acted upon by the Water in the long 
Leg) is the Cauſe of its running continually from one Veſſel into another, 
when once ſet a going; it follows, that the Bend D of the upper Part of | | 
the Syphon muſt not be above 32 Feet higher than the Water in the 
upper Veſſel, becauſe the Air cannot ſuſtain a Column of Water, whoſe | 
Height exceeds 32 Feet. If therefore there was a Crane or Syphon 
ACEDB, Fig. 2. of about 40 Feet high, reckoning from A to E, with 
Cocks A and B at its lower Ends, and an Hole at top E, to be ſtopp'd 
with a Cork upon occaſion, there might be made the following 


EXPERIMENT 2. Plate 13. Fig. 2. | 


WarTER being pour'd into the Veſſels A and B, let the Cocks A and Plate uz. 
B be ſhut: then with a Funnel pouring in Water at E, till both Legs of 3 
the Syphon are full, ſtop up the Hole E, and open the two Cocks at once. 
The Water, inſtead of running from the Veſſel A into the Veſſel B, 
which it would do if the Height C A was much under 32 Feet, will in 
the two Legs fall back to C and D 32 Feet above A and B, where it will 
ie U is hang, 


*. 


Plate 1 3. 
Fig. 2. 


„Ann 2. 


Plate 13. 
Fig. 3. 


- 


moſphere. 
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Led. VIII. hang, the Air not being able to ſuſtain the Water above thoſe Heights, 


and conſequently to drive it up over the Bend E. Nay, unlels the 
Water be purg d of Air before the Experiment, the Top of the Water at 
C and D will not be quite 30 Feet above the Water in the Veſſels A 
and B, becauſe Air will extricate itſelf. out of the Water, and getting 


into the Cavity CE D, preſs a little on the Top of the Water at C and . 


- 


D, fo that its Height will be leſs to balance the Preſſure of the At- 


4. MeRcuRy will run in a Syphon in the ſame manner as Water; 
but only the Bend of the Syphon muſt not be more than 30 Inches and 
% above the ſtagnant Mercury in the upper Veſſel *; becarſe as it is 
near 14 times ſpecifically heavier than Water, it will be lifted up by the 


Preſſure of the Air but the 14th Part of the Height that Water is lifted, 


5. To prove further, that a different Preſſure againſt the Orifices of 


the unequal Legs of a Syphon is the Cauſe of a Liquor running thro 


that Inſtrument from an higher into a lower Veſſel, we may make 


uſe of any other Fluid, (lighter than the Fluid to be brought over) in- 


ſtead of Air, and leave the Bend of the Syphon open to the Air, as in 
the following 


EXPERIMENT 3. Plate 13. Fig. 3. 


Ah OC Dis a pretty large Glaſs Jar, with a little Water (ting'd red to 


make the Experiment conſpicuous) in its Bottom to the Height of an 
Inch, as at EF. On a Stand between F and G in the great Jar, there 

is placed a little Jar. GH KI, almoſt full of the ſaid red Water. Let 
down the Syphon S LM G (open at 8, M, and G) into the Veſſel, fo 
that the End S of the long Leg ſtands in the Water at Bottom of the 
great Jar; and G, the End of the ſhort Leg, in the little Jar at the Bot- 
tom of its Water. Pour in Oil of Turpentine into the great Jar up to 
L, fo that the Water in the little Jar may alſo be cover'd with it, and 
the Water will firſt riſe up in both Legs of the Syphon, ſo as to meet at 
the Bend at L; then it will run out of the little Jar into the great one, 
thro the Syphon in the Direction G HL S, as long as there is any Water 


in the little Jar above G. bicb proves what wwe have aſſerted. 


6. Warn a Syphon is inverted, as A CDE, (Fig. 4.) the long Leg 
A C becomes the driving Leg, and the ſhort Leg D E becomes the 
iſſuing Leg; then if a Veſſel, as Y W, keeps the Syphon ſupplied with 


Water at its upper End A, the Water will ſpout out at the lower EndE 
| | N 9 an 
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and riſe up to G, (an Height proportional to the Height of A above E) Le&.VI1L. 
provided the Hole at E be contracted ſo much, that the Syphon may ———— 
ſupply it fully, becoming a proper Ajutage for the Conduct A C D E, - 
according to the Rules for Jets given in our laſt Lecture“. The Velocity L'7. Ann. 
of the Water ſpouting out at E will be proportional to the ſquare Root 54 48, 30 


and 131. 


of AB, the Height of the Surface of the Water at LL above J, the 
Level of the Adjutage. But tho this be true, when the Water has ſpouted Plate 13. . 
ſome time; yet at firſt the Water begins to ſpout with a much leſs Ve- 5 8 45. and 
locity; as, for example, riſing only to F, then by Degrees encreaſing 
its Velocity, till at laſt it comes up to G, to which Height it continues to 
riſe, as long as the Syphon is ſupplied. This is owing to the Depth of 
the Body of Water in the driving Leg, and the iſſuing Leg below the 
Line //, level of E, which muſt be put into an uniform Motion, before 
the Jet has acquir'd its full Velocity: ſo that if the Part of the Syphon 
below I/ goes down to a great Depth, the Velocity of the riſing Water 
will be the leſs at firſt, till E D has receiv'd its proper Motion, So that 
if there be ſeveral ſuch Syphons as we have deſcrib'd, with their up 
Orifices at LL, level of A, and their lower Orifices at / /, level of E, 
but with their bended Parts B C D E going down to different Depths 
below E, the Water at its firſt ſpouting will riſe higher from that which 
has E D, the ſhorteſt, going to the leaſt Depth below //: See Figure 5. 
where E F goes higher than E F in Fig. 4. and Fig. 6. where E D 
being of no Height, E F, the Jet, goes to the full Height at firſt. Monſ. 
Belidor, in his Architecture Hydraulique, was the firſt who took notice 
of this, other Hydraulic Writers having only conſider d the utmoſt Height 
of a Jet, which is according to the ſquare Roots of the Height of A above 
E, (for this Syphon and Veſſel is the ſame as a Reſervoit and its Con- 
duct - Pipe) and took no notice of the Reaſon why Jets do not riſe to their 
utmoſt Height, for ſome time after a Cock is open d to play them. 

Mons. Belidor's Rule to find out the Velocity of E F, the Water firſt 
ſpouting, is this, viz. E F is as the Root of the driving Leg AC, minus 
the Root of the iſſuing Leg DE, or VA O—=V/E D. Whereas the 
Velocity of E G, only confider'd hitherto, is as the Root of the driving 
and iſſuing Leg, or as VAC -D E, This may not only be found 
by Calculation, but prov'd by Experiment. 17 


ExPERIMENT 4. Plate 13. Fig. 4, 5, and 6. 


Ly VW Fig. 4.) be a Reſervoir, from which the Pipe of Conduct 
Ag deſcends to a Depth of 25 Feet, and riſes again at D E to an Height 
of nine Feet: if the Finger, or any other Stop, (after the Cock, not re- 
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Plate 13. 
Fig. 55 6. 
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ep here, is open) be held at E, and then ſuddenly taken off, the 

ater will ſpout at firſt but to F, 7,6 Feet high, and riſe by degrees, till 
it comes at laſt to G = 15,2 Feet. In Fig. 5. let A © be 20 Feet 
high, and DE, 4: the Water EF will riſe at firſt 9,4 Feet, and at laſt 
E G 15,2 Feet, as before. But in g. 6. the deſcending Pipe be but 


16 Feet deep, B C and D E being then of no Height, (the Ajutage E, 
being always underſtood to be at the ſame Level) the Water E F at its 
firſt ſponting will riſe to its utmoſt Height, v/z. 15,2 Feet. The Cal- 


—3 = 2: 15, 2: 7,6, The Calculation for Fig. 5. where BC 


culation for Fig. 4. is this, A - DP: VAC -HD: 


EG: EF; that is, v/ 25 — 9 V 16=4 : vV 25— 9 2 5 
DE= 4, is as follows, | | 5 | K 
AC - PP. VAC - VDP: : EG: EF; that is 


HN -e VIA: V2O—vVa (4. 47— 2) :: 15,2: 9,4. 
As for Fig. 6. both Expteſſions give the ſame 15,2, becauſe BD 


or C D are equal to nothing. | 


N. B. Tris Experiment cannot be try'd in Models of an Inch to a 
Foot, becauſe unleſs the Ajutage be nearly of a Quarter of an Inch 
Diameter, the Jets will not riſe proportionably, by reaſon of the Attrac- 
tion of Coheſion on the Circumference of the Hole, as we have ſhewn 


in Lecture 7. Note 7. Page 138. 


Ann. 3. 


Plate 13. 
Fig. 7. 


Tuis Conſideration of Monſ. Belidor's is of great Uſe in making of 
Pumps, but we ſhall not ſpeak of the Application of it, till the Nature 
of Pumps has been explain'd; therefore we muſt refer the Reader to the 
Notes upon that Subje& *; and return to a further Examination of 
Syphons. | | 4 

7. INSTEAD of hanging a Syphon over the Side of a Veſſel, it may 
be adapted to a Cup, ſo that the ſhort Leg being in the Cup, the long 
Leg may go down thro' the Bottom of the Cup; ſee Fig. 7. on which 
may be made the following X 


 _ EXPERIMENT 5. Plate 13. Fig. 7 


Tur Syphon D S being fix d to the Cup E F, pour Water into it 2s 
high as E F, and the Cup will hold Water ; but if you pour Water up 


to G H, above the Bend of the Syphon D, the Water will begin to run 


out thro' the iſuing Leg at 8, going up the driving Leg at A, till the 

whole Water is run out of the Cup. Where you are to obſerve, that 

whilſt the Water is above D, the bent Pipe is not a Syphon but a waſte 

Pipe, of the ſame Uſe as if it had only an Hole at D, thro' which the 

Water came down; becauſe the driuing Pipe A being fill d only 1 
5 | : 
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the Preſſute of the Columns of Water, between G H, and the Level of Lect. VIII. 


A, can only be called the ſhort Leg of the Syphon, when the Water 


whole inner Pipe is open at both Ends, be fix d to a Cup, inſtead of the 
Syphon A D'S, it will perform the ſame Office as the Syphon; for upon 
filling the Cup, the Water will be puſh'd into the great Pipe between the 
two Pipes at 90, till, when it comes to the Top, it runs down the ſmall 
or inner Pipe, . firſt as a waſte Pipe, then as a Syphon. The eighth Fi- 
gure ſhews ſuch a Pipe fix d in a Cup, as A B, where the Water's Sur- 
face being at 8 8, the Water at Bottom runs up into the double Pipe at 
oo up to Pp, then down the little Pipe at Q and out at R, under the 


Foot of the Cup; the Interſtice of the Pipes being inſtead of the driving 
Leg of the Syphon. | 
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being fallen below D, the Air begins to preſs, and raiſe up the Water p 
into A D. If a double Pipe, as P, open at Bottom, and cloſe at Top, 


ig. 7, 8. 


* 


A Cur of this ſort is commonly call'd a Tantalus Cup, becauſe an Plate 13. 
Image, repreſenting Tantalus in the Fable, is fixed up in the Middle of * ka 8, 11, 


the Cup, to hide the double Pipe; and then when the Water is fill'd up to 


the Breaſt of the Figure, the Cup will hold without ſpilling; but as ſoon 


as it is fall'd up to the Chin of Tantalus, (which is above Pp in Fig. q.) the 
Water will begin to run thro' the Syphon, conceal'd by the Figure, till 
the Cup is quite emptied, in the Manner explain'd before. See Fig. 8. 
SOMETIMES the Tantalus Cup is made without a Figure fix'd in it, 
as in Fig. 11, Where the Water being up at 8 8, the Cup does not run; 


but as ſoon as the Figure, or an Apple, or Orange, Sc. is thrown in 


the Water begins to run Gut at the Foot of the Cup, and does not ceaſe 
till the whole Cup is empty. This happens, becauſe the Bulk of the 
Body thrown into the Cup raiſes the Water's Surface from 8 S to B C, 
where being above the upper End S of the Pipe 8 P, conceal'd in the 
Handle, (which thereby is made a Syphon) the Water which is come 
into the Handle at O runs into the middle Pipe at 8, and fo out at P, 
under the Foot, as long as there is any Water * Y., | 
THERE are ſome Syphons, thro' which the Water will run out of a 
Veſſel, without ſucking the Air out of them, or making them in the 


manner of a waſte Pipe, as we have juſt deſcrib d. But thoſe muſt be 


made of capillary Tubes, whoſe Bore mult not be bigger than + of an 
Inch, and as ſoon as they are put into a Veſſel of Water (as T 38, Fig. 
10.) they will begin to run, and ſo continue as long as there is any Wa- 
ter above the driving Leg. This happens becauſe the Attraction of Co- 
heſion, which makes Water riſe up in ſmall Tubes, draws the Water 
from the Surface V. to W in the Syphon ; where being lower than the 
Surface of the Water in the Veſſel, it muſt run down, becauſe the Co- 


lumn 


* 


| 
| 
z 
$ 
| 
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Tec. VIII. lum of Water WS is longer or higher than the Column & V, and the 


p.. Air puſhing down at V mult overcome the Reſiſtance of the Air puſhing 
Fig. * ovopwards at 8. For the fame reaſon a Piece of Liſt of Cloth A D will 
make the Water come out of the Veſſel, and fall down in Drops at E, 

as this Piece of Cloth is in effct a Bundle of capillaty Syphons made 

by 1's Interſtices. But if the Surface of the Water in the Veſſel was at 

g b, the Syphon being put in would not run out, but only riſe in the Sy- 

phon up to e /, the Height to which a Tube of that Bore would raiſe 

the Water by the Attraction of Coheſion. When the Veſſel is full, this 


Ant. 2. Experiment will ſucceed in vacuo *. 


8. In the Year 1724, J attempted to account for the riſing and falling 
of the Water of ſome Ponds near the Sea, or ebbing and flowing Ri- 
vers; where the Water is loweſt in the Pond, at the Time of high Water 
in the Sea or River; and the Water is higheſt in the Pond, at the time 
of low Water in the Sea or River: as alſo for the increaſing or decreaſ- 
ing of the Water of ſuch Pools and Brooks as are higheſt in the dry 
Seaſons, aud loweſt in the rainy Seaſons. And this I did by ſuppoſing 
ſome Ponds to have an iflue at Bottom into theEarth, which riſing again 
under Ground up almoſt to the Level of the Top of the Pond, ſhould 
deſcend below the Bottom of the Pond ; becauſe ſuch Cavities, how- 
ever irregular, if tight, would do the Office of a Syphon. For this rea- 
ſon I call'd ſuch a Pond a Tantalus, and an hidden Tantalus a ſubter- 
raneous Cavity, holding Water, and having ſuch an Exit, which is as like- 
ly as an horizontal Paſſage. To illuſtrate this, I made' ſome Experiments. 


EXPERIMENT 6. Plate 13. Fig. 13. 


Plate 13. Is the Veſſel 4 5 d is placed an open wooden Box ABCD fill'd with 
Fig. 13. Water as high as the Line LM. Another Box or Plug EFG H made 
tight, and containing Weights to fink it, is made to let down into the 

Water between the Partition I K, and the End A B of the Box above- 
mention'd ; but when it is not to preſs the Water up to I O, (as it does 

when let down), it is drawn out of the Water by the Weight , which 

pulls it up by the Bar & faſten d to a Lever moving round the Center /. 
Wurm by means of the Plug, the Water in the Space ABKI is 

puſh'd up to I O, by paſſing under K; it runs out thro the Spout P Q, 

(whoſe Paſſage is gaged by a little Sluice P) and falls into the Veſſe 

R S made of an oblong Figure like a Fiſh-Pond, and having a Syphon 

at 8, ſo as to make it a Tantalus, or in the Nature of the Cups above- 
mention'd. Let the Weight m pull up the Plug E F GH, and the 

Water, having fill'd RS, will run down below the Orifice P to M. 


/ 


THE 
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Tux Tantalus RS, beginning to run out as ſoon as full, will, for the Lect. VIII. 


Reaſons above given, continue to run till it is all emptied : and as it diſ- 


charges itſelf into another Tantalus T V, (whoſe Syphon is at V) this x; 
laſt Tantalus will alſo, when full, begin to run out, and its Water go 


down to x . x | | 

Ir the Plug be let down gradually, as ſoon as the Water begins to 
run out of the laſt Tantalus T V, (and the firſt Tantalus RS be cover'd 
ſo as to be conceal'd from Sight) it will appear to the Lookers on, that 
the Cavity TV, repreſenting a Pond near an ebbing and flowing River, 
(as I am credibly inform'd there is ſuch an one at Greenbith- in; Kent, 
between London and Graveſend) always riſes, whilſt the Water at 
N O (or the Tide) falls to LM; and always ſinks whilſt the Water 
at L M (or the Tide) riſes to OL. | f 


EXPERIMENT 7. Plate 13: Fig. 12. 


9. LET the Water in the Box AB CD not be made uſe of; only plate 13 
the Veſſel Z be fill'd every half Hour: it will empty itſelf in the ſpace Fig: 12. 


of a quarter of an Hour, falling like Rain, and dropping allo thro* the 
leaden Platform e f into the hidden Tantalus RS, which will not begin 
to run till this artificial Rain is over: then in a quarter of an Hour more, 
the Tantalus RS will have emptied itſelf into the viſible Tantalus T V. 
which will be filling all the time after Z has done running, (or in the 
dry Seaſon ;) and as ſoon as T V is full, it will begin ta run out thro' 
its Syphon V, at the end of the half Hour, when the Veſſel Z, or 
Sieve, runs again; that is, at the return of the rainy Seaſon. 
THis laſt, Experiment may be eaſily applied to thoſe Ponds, or thoſe 
Brooks, that are high in dry Weather, and low in wet Weather; of 
which kind, J am told, there is a Brook at Lambourn in Berkſhire. . . 


10. Ir it be objeed, that ſuch Ponds are full for ſome time, which 
a Tantalus cannot be, becauſe it begins to run as. ſoon as full; that 
may be eafily folv'd, by ſuppoſing the hidden Tantalus (or intermediate 
Cavity between the River and.Pond) to contain more Water than the 
viſible one, provided it does not contain ſo much as not to be emptied 
before the Return of the Tidſmeeee. nibþ:0028; . e mn; 

Tur ſame Solution will ſerve for wet and dry, Seafons, only ſuppoſ- 
ing the Cavities larger. N 9 

IF it be aſked, where the Water of the viſible Tantalus, near a River, 
can run; it may be anſwer'd, that all this may happen, if the ſecond, 


or loweſt Tantalus, has its Bottom higher than Low-Water Mark in the 


River. And for the Syphons which are of a patticular Make in the Cup; 
| pat Hs v1 ef 1 tho 


* 


1 bd * — 
* 1 
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Lect. VIII. tho ſuch be not ſuppos'd in the Earth, yet any long Paſſage riſing 
in the Middle will anſwer the End. See Fig. 13. where ABCD re- 
+ ig. 12 preſents the Channel of a River, A D High- Water Mark, and G H 
Low-Water Mark; ZI a Paſſage from the River to the Cavity IK L 
MN, or firſt, or hidden Tantalus; L MQ the Syphon of the firſt 
Tantalus, running into the ſecond Tantalus, or viſible Pond OQR P, 
Which by its Syphon RS V runs out into low Grounds, that may be 
above the Low- Water Mark HG; and the Bottom KL of the firſt Tant alu: 
may be above the Top of the laſt, whoſe Level is the Line WW. 
ABCDVYVO GRP VH is the Section of the Surface of the Earth. 
Dr. Atwell, Rector of 'Exeter-College in Oxford, has in the Phil. 
Tranſactions, Numb. 4.24. very ingeniouſly explain d ſeveral Phænomena 
of reciprocating Springs by Syphon“. 1 ü 


Of PUMPS. 


* 


* Ann. 4. 6. 


11. The common Pumps conſiſt of a Pipe open at both Ends, in 
which there is a ſliding Piſton, of the ſame Bigneſs as the Bore of the 
Pipe, which by means of the Hand, or any other Contrivance, an be 
moy'd up and down, without letting any Air get between its Sides and 
'the Pipe. | | | | 

Ir the lower End of the Pipe be put into Water, and the Piſton, after 
having been at the Bottom, be moved upwards, it makes a Vacuum in 
the Pipe, and conſequently the Atmoſphere preſſing upon the outward 
Water, will make it riſe in the Pipe to about 32 Feet, and ſometimes a 
little higher ; becauſe a Pillar of Water of ſuch a Height being equal 
to the Weight of a Column of Air of the ſame Bigneſs, but teaching in 
Height to the upper Surface of the Air, will hold it in quilibrio. 

Tux Rx are two ſorts of Piſtons, the one with a Valve, which is call'd 
a Bucket; and the other without a Valve, which is call'd a Forcer: The 
particular Conſtruction of them I ſhall afterwards explain. A 

HAT 


+ N. B. The Air being ſometimes heavier, 
and ſometimes lighter, the Water will riſe to 


different Heights, according to the Weight of 


the Air at the time that the Pump works ; and 


therefore the Water may riſe up to 35 Feet and 


an half, (as it does when the Mercury in the Ba- 
rometer is 31 Inches high) but that Nicety not 
being neceſſary here, we have taken 32 Feet 
For our Standard Height, it being the leaſt 
Height, or that to which the Water can riſe 
when the Mercury in the Barometer ſtands at 
28 Inches. It is alſo to be obſery'd, that the 
Air. in the Pipe under the Piſton, whilſt it is of 
the ſame Denſity as the external Air, preſſes as 


much on the Water in the Bottom of the Pipe, 
by its Spring, as the Atmoſphere, or external 
Air, preſſes upon the Water, in the Well; but 

reſles leſs and leſs, in proportion as it 18 rare- 
Fd by the —_— of the Piſton. As, for 
example, if it be dilated or rarefy'd one half, 
it prefles but with half its Force, and the Wa- 
ter will riſe 16 Feet under the Preſſure of ſuch 
Air; 16 Feet in Height of Water, together 
with the Preſſure of that Air, 7 a Ba- 
lance for the Atmoſphere, which puſhes up the 
Water 32 Feet high, only when the whole Au 
is quite out of the Pipe. 
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THAT Part of the Pipe where the Piſton moves is called a Barrel. Lect. VIII. 

12. THERE are three Sorts of Pumps, the ſucking, the lifting, and 
the forcing Pump. 

Tux ſucking Pump conſiſts of a Pipe A B. Plate 14. Fig. 1. open'd late 4 
at both Ends, in which there is a ſliding Bucket, made in ſuch a manner 
as to let no Air get between its Sides and the Barrel, when it moves vp 
and down. This Bucket has a Valve (n) which opens, when it is prfh'd 
upwards, by the deſcending of the Bucket, and ſhuts again, when it 1s 
puſh d downwards by the rifing of the Bucket. 

TrgRE ought to be another Valve (v) in any Place of the Barrel, 
not above 32 Feet from the Surface of the Water, which opens when 
it is puſh'd upwards, and ſhuts when it is puſh'd the oppofite way. 

Turx if the lower End (B) be in the Water, and the Bucket, 
which before was at (M) be raiſed to E; as it lets no outward Water 
get through its Sides, nor through the Valve (which then is ſhut by the 
Weight of the outward Ait) it makes a Vacuum in the Pipe, or at leaſt 
very much dilates the Air in it; then the Atmoſphere preſſing more 
ſtrongly upon the out ward Pipe, than the dilated Air does in the Pipe, 
makes the Water riſe in the Pipe, till it comes to ſuch an Height, that, 
together with the Air (ſtill a little rarefy'd in the Pipe), it may have a 
Weight equal to the outward Air. Then if the Bucket be mov'd down-- 
wards again, its Valve opens, and lets the Air come up, and go freely 
out ; at the ſame time, the Valve (v) being puſh'd downwards by the 
deſcending of the Bucket, ſhuts and hinders the Water, which was got 
up in the Pipe, from going down : if then the Bucket be mov'd up- 
wards again, the ſame will happen, as before, and the Water will al- 
ways riſe in the Pipe, till it comes to the Bucket, provided it be not 
above 32 Feet from the Surface of the outward Water; and then the 
Bucket, when it goes down, lets the Water thro' its Valve, which be- 
ing ſhut again as it goes upwards, never lets it go down, and conſequent- 
ly Water may thus be rais'd to any Height defir'd, provided the Power 
be ſufficient to raiſe its Weight, and the Pipes ſtrong enough to bear the 
lateral Preſſure. For the Weight of the Water is always as the Section 
of the Bucket, multiplied into the Height of the Water, and the Preſ- 
lure againſt any Part of the Pipes is as the Height of the Water above 
the ſaid Part, multiplied into the Surface of that Part. 


13. Tux lower the Bucket goes in the Pipe, the better will the Ef- 
ect be. In order to prove it, I'll endeavour to ſhew ſeveral Inconvenien- 
cies which are to be met with when the Bucket is at a great Diſtance 
Vor. II. X from 
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Lect. VIII. from the outward Water. Let us ſuppoſe the Bucket to be at 17 Feet 
— from the Water, when it is at the loweſt; and 18, when at the higheſt, 


When firſt the Bucket moves upwards from 17 to 18, then the Air in 
the Pipe, (which before the riſing of the Bucket was contain d in a Length 
of 17 Feet, and now is contain d in 18) being rarefy'd by , preſſes 
upon the Surface of the Water but with I Parts of the Force it acted 
with before; and therefore the Preſſure of the outward Air cauſes the 
Water to riſe in the Pipe, till, together with the Air {till a little rarefy'd 
in the Barrel, it has a Preſſure equal to that of the whole Atmoſphere. 
For the ſame reaſon the Water will riſe at the ſecond Stroke, and ſo on. 
But if you ſuppoſe Water pour d into the Pump, till it comes to 16 
Feet above the Water in the Well, it is evident that the Air contain'd 
between the 16th and 17th Feet is made twice rarer when the Bucket 
goes up to 18; and therefore, that its Preſſure is diminiſh'd by r, which 
+, together with the 16 Feet of Water, (equal to half the Force of the 
Atmoſphere) is equal to the whole Weight of the outward Air, which 
therefore is not able to make the Water riſe any higher in the Pipe. But 
if the Play, or Stroke of the Bucket, were more than one Foot; as, 
for example, two, (the Water being ſuppos'd to be up to 16,) the 
Bucket would by its going up from 17 to 19 diminiſh by + the Preſſure 
of the Air in the Pipe, ſo that the Water to ſupply thoſe + would riſe 


high enough to go thro' and above the Valve of the Bucket at its 
Deſcent to 17. 


14 HENCE it is evident, that the greater is the Diſtance of the 
Bucket from the Surface of the Water in the Well, the greater ought its 
Play, or Length of Stroke, to be. So that if the Bucket was 30 Feet 
from the Water, its Length of Stroke ſhould at leaſt be 480 Feet, to 
make the Water at the firſt Stroke riſe as high as its Valve, which 
Length of Stroke would be very troubleſome to give, if not impoſſible. 


15. THERE is another Inconvenience which can eaſily happen, if 
the Bucket be diſtant from the Well; namely, that if the leaſt Hole 
ſhould happen to be in the Pipe lower than the Bucket, the outward 
Air getting thro' it would hinder the Rarefaction of the Air in the Pipe, 

and conſequently the Pump would have no Effect. | . 

BoTn theſe Inconveniences will be avoided, if the Valve of the Pipe 
be at the Bottom of it, in the Water, and the Bucket goes quite down to 
it; then how ſhort ſoever theStroke be, it will bring the Water up; and 
if any Hole happen to be in the Pump, it will cauſe but ſome loſs of 
Water, and not hinder the Effect of the Pump. And then the Tos 
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being continually in Water, their Leathers will be kept wet, and there · Lect. VIII. 


fore perform their Office better than if they were dry. 

BESIDES, it will not be requir'd to have a greater Power to give Mo- 
tion to the Bucket, if it works at the Bottom of the Pipe, than if it was 
to work at 32 Feet above the Surface of the Water; for as in this laſt 
caſe a Vacuum muſt be made under the Piſton before the Water can riſe 
za Feet high, it is evident that then the Piſton ſupports (or is preſs'd 
down by) the whole Weight of the Atmoſphere, which is equal to the 
Weight of a Pillar of Water 32 Feet high, and of the fame Bigneſs as 
the Piſton: but when the Piſton, working in Water, lifts 32 Feet of 
Water above it, that Water is all that it lifts, becauſe then the Air preſ- 
ſing on the Piſton, is balanc'd by the Air preſſing on the Surface of the 
Water, juſt as if the Air had not been concern'd in the Operation. 

Ir the Piſton works at any Diſtance above the Surface of the Waterto 
be drawn up, under 32 Feet; then, beſides the Water which is above it, 
it ſuſtains ſome Part of the Weight of the Air: for when the Atmoſphere 
preſſing the Water in the Well raiſes it up to the Piſton, ſome of its 
Force is ſpent to drive up that Water in proportion to its Height, and 
conſequently it can only balance fo much of the Air preſſing above the 
Piſton, as it has Force left. For example, if the Piſton works at eight 
Feet above the Surface of the Water, the Preſſure of Air on the Piſton is 
equal to 4 of the Weight of the Atmoſphere, the Remainder of the 
Preſſure being balanc'd by the remaining Force of the Air in the Well. 
Now as the Air preſſing in the Well is able to ſupport 32 Feet of Water, 
when it ſupports but eight, or + of it, its remaining Force muſt balance, 
or take off the Preſſure of 4 of the Force of the Air on the Piſton. 

Hence the Water under the Piſton, from the Piſton to the Surface 
of the Water in the Well, may be conſider d as a Weight hanging under 
the Piſton, becauſe it is equal to the Preſſure of the Air above it; and 
without taking any notice of the Air, we may always ſay that the Piſton 
is loaded with all the Water under, as well as above it; and to raiſe it 
there muſt always be applied a Power greater than the Weight of a Pillar 
of Water of the Bigneſs of the Piſton, whoſe Height is equal to the 
Height to which the Water is rais'd above the Water in the Well. 


16. THERE are ſome Caſes, where the Pump is not perpendicularly 
over the Well; as, for example, if one would raiſe Water out of a Well 
at A, Fig. 2. by means of a Pump at B; then the beſt way will be to pute 4 
make the Barrel go as low, or a little lower than the Well, as far as C, Fig. 2. 
and to make the Bottom Cof the Barrel communicate with the Well by 
means of a Pipe A C, which has a Valve in any Part of it; then if the 

X 2 Bucket 
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Lect. VIII. Bucket plays at the Bottom C of the Barrel, it will have the ſame Effect 
as if the Well were perpendicularly under the Pump, becauſe the 


Plate 14. 
Fig. 4 


Plate 14. 
Fig. 5. 


Plate 14. 
Fig. 6. 


Water runs by its own Weight down the Pipe A C. 
Bor ſometimes it happens, that by ſome Impediment the Barrel can- 
not be made to go as low as the Well, and then the Pipe under the 
Barrel being very long, would conſequently require a long Stroke of the 
Bucket: This Inconveniency may be avoided by making the Pipe of a 
ſmaller Bore than the Barrel; for then the Bucket will by a leſs Stroke 
rarefy the Air enough in it to make the Water riſe to the Valve. See 
the Figure 3 at 2. N e 990; 09/6680 

Tu fame can otherwiſe be made by pouring Water in the Pipe to a 
greater Height than where the Bucket plays; for then, 4s there is no 
more occaſion for rarefying the Air, the Pump will perform its Effect, 
as long as every thing is in a good Condition. 

Tx1s way has this Advantage above the firſt, that the Water has not 
ſo great Velocity in the Pipes, as when they are made of a leſs Bore 
than the Barrel. | 


17. THERE are ſeveral kinds of Buckets: the moſt ſimple of all, 
which is commonly uſed for ordinary Pumps, confiſts of a cylindrick 
piece of Wood C C, Fig. 4. having in its middle a Hole E quite thro it. 
This cylindrick Wood ought to be a little leſs in Diameter than the 
Bore of the Barrel, that it may move freely up and down in it; there 
is at its Top an Iron Piece A A, faſten'd to another Piece F, being a 
Rod of Iron or Wood, which goes quite to the 8 of the Pump, and 
by means of which the Motion is given to the Bucket. 

Nx Ak the Top of the cylindrick Wood C C, there is a leathern Ring 
B B, Fig. 5. faſten'd round it, which goes a little higher than its Top; 


the Hole E is ſtopp'd by a Valve, made of a round Leather (ee) faſten d 


to the cylindrick Piece of Wood in any Place (c) of it, by means of ſome 
Nails. There is upon it an Iron Plate (d d) a little larger than the Bore 
of the Hole E, and another Iron Plate under it (g g, ) a little leſs than the 
Bore of the ſame Hole E, thoſe two Plates and the Leather are faſten d 
together by means of a Rivet or Screw (n) in the middle of them. - 
THEN it is evident, that if the Bucket be put in the Barrel, the 
Leather BB B, Fig. 6. being wet, will apply itfelf to the Sides of the 
Barrel, when the Bucket is mov'd up and down, in ſuch a manner as to 
hinder any Air from getting between them. Moreover, when the Bucket 
goes down, the Air in the Pipe, (provided it be of the ſame Denſity with 
the outward Air) or the Water, if it is ſo high, puſhing the Valve up- 


wards, which is faſten'd to the cylindrick Wood only in the Place * 4 


the outward Air, (or the Water if it is ſo high) preſſing upon the Valve, 
will ſhut the Hole E, and hinder the Air or Water from going thro! it. 

Tu Uſe of the two Iron Plates, the one above and the other below 
the Leather, is to ſuſtain the Preſſure of the Water, which otherwiſe 
would bend the Leathers. This ſort of Buckets will be ſufficient for 
ſmall or ſhort Pumps, being beſides the cheapeſt of all. But if it be a 
very large Pump, then the Way will be to make the Bucket after the 
following manner. | | 

THERE is a hollow Piece of Braſs 8 8, (Fig. 7.) almoſt equal at Top p,,...,. 
to the Bore of the Barrel, but ſmaller at the Bottom, (making therefore a Fig. 7. 
hollow truncated Cone,) having at its Top, (ſhewn in Fig. 8. alſo) the pate 14. 


Braſs Bar O O, and at the Bottom (Fig. 9.) the two Notches (5 b,) to Fig. 8. 9 


receive the Ends of another Braſs Bar R R, (Fig. 10.) or K (Fig. 7.) e 
of the ſame Figure as this at the Top. 


THERE is a Leathern Ring LL, [Fig. 7. and 10.) which goes quite Plate 14. 


round the Braſs Piece, and is faſten'd to it at its lower Part, by means of | 8. 7. and 


10. 


the Iron Ring II, which being almoſt at the Bottom of the Braſs Piece, 
is not ſo large as its Top, and conſequently touches not the Sides of the 
Bartel; this Leathern Ring ought to go a little higher than the Croſs- 
Piece at Bottom. The 8th and gth Figures ſhew the Top and the 
Bottom of the Cone 8 8. 


Tur Valve conſiſts of a Piece of Leather VV, (Hg. 11.) almoſt equal Plate 14. 


* 


to the Top of the Braſs Piece S8 8, covered by two Iron Plates DD, (Fig. bit 1 125 


12.) of the ſame Bigneſs as the Leather itſelf, and having under it two 
Iron Plates EE, (Fig. 13.) a little ſmaller than the Bore of the Braſs 
Piece at its Top; theſe Iron Plates and the Leathers are faſten d toge- 
ther by means of Screws which are here mark' d by black Points. 
Tuls Valve muſt be applied to the Top of the Braſs Piece or Box, Plate 14. 
ſo that the Braſs Bar OO (Fig. 8.) be between the two Iron Plates E E, Ig 8. 
under the Leather. | 
THz whole is faſten'd together by means of an Iron Piece PP G, (Fig. Plate 14. 
14.) whoſe lower Part G goes thro the Holes in the Middle of the Valve, Fis. '4 
and the two Braſs Rods OO and R R, fo that its upper Part PP getting 
between the two upper Iron Plates DD of the Valve, preſſes upon the 
Leather UV, and makes it apply itſelf cloſe to the Braſs Bar O O. 
THz Iron Rod PPG ought to have two Holes, one at the Bottom juſt 


under the Braſs Rod R R, to hold it cloſe by means of a Pin or Key T, pnte 1 


and another at its Top to faſten it to another Iron Rod N N, (Fig. 15. Fig. 15- 
4 


which 
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riſes on the oppoſite Side, and then the Air or Water will freely go up- Le&. VIII. 
wards thro the Hole E. But when the Bucket is moved upwards, then 


- 


158 © A Courſe of Experimental Philiſophy. 
Lect. VIII. which is continued quite to the Top of the Pump, in order to give the 
Motion to the Bucket. e > $5" 


Plate 14. 
Fig. 16. 


Plate 14. 
Fig. I 7 


Ann 5. 


Ir is evident that the Bucket being made after this manner, the Lea- 


ther of the Valve being faſten d to the Braſs Piece but in one Line, (viz, 


over the Bar OO) will be lifted up on both Sides, when the Bucket goes 


down, and the Flaps will apply themſelves cloſe to the Top of the 
Braſs Box when the Bucket goes up, See Fig. 16. 


Tux chief pany . of this kind of Buckets are, that they give the 
freeſt Paſſage to the Water; that is, have the leaſt Friction poſſible, as 
they touch the Barrel but at the upper End of the Braſs Box; and that 
the Sand or Gravel which commonly is mix'd with the Water, cannot 
get between the Bucket and the Barrel, by reaſon of the Leather Ring 
being higher than the Braſs Tube, which if it did happen would cauſe 
a deal of Friction, and ſoon ſpoil the Bartel: but after this Way all the 
Sand will fall down upon the Valves, from whence it can eaſily be taken 
off. Moreover, if by any Accident the Motion of one Side of the 
Valve were hindred, the other would ſerve till it were mended. 

18. Tus moſt uſeful Way of making the Valves in the Pipes, is to 
have a hollow Braſs Box A A, whoſe outward Side is juſt equal to the 
Bore of the Pipe, ſo that when it is fix d init, it does not let any thing 
get between them. Its Top C C ought to be bored or turned obliquely 
within, that is conically, and there muſt be at its Bottom a Bar F F, 
which has a Hole I in its Middle. There is another Braſs Piece BB D, 
put thro' the Hole I, and whoſe Top fits juſt to the oblique Top C C 
of the Braſs Box; both being made conical, and well ground together. 
The Shank B B D ought to move freely thro' the Hole I, but it muſt 
be hinder'd from going too high, by means of a Nut D, which is 
ſcrew'd at the Bottom, and pinn'd under, that it may not undo; ſome- 
times a Piece of Plate rivetted will ſerve. | 

THEN it is evident that when the Water goes up thro! the Pipe EE, 
and the Box A A, it puſhes up the Braſs Piece BB; which as it is puſhed 
down by the Weight of incumbent Water, ſhuts the Hole of the Braſs 
Box AA, and hinders the Water from going down. 

THERE is an Inconvenience in this kind of Valves, viz. that the 
Pipe ought to be widen'd at the Top of them at GG; or elſe the Water 
which is obliged to go between the Valve BB, and the Sides of the Pipe, 
would not have a free Paſſage, and conſequently would by its great Ve- 
locity break the Pipes in that place, if they were not extremely ſtrong. 

Tux beſt way of making the Valves * in the Pipes, is to make em like 


the ſecond kind of Valves in the Buckets, which I explained before: = 
wil 


f 
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with this Difference, that the Box ought to be a perfect hollow Cylin- Lect. VIII. 
der; and that it will not want the Iron Rod at the Top. ————ů 
In whatever manner the Valves are made, the Box ought to be ſolder'd 
to the Pipes, if the Pipes be of any Metal; but if the Pipes are of Wood, 
then the Box muſt only be forced into them; and then it is convenient 

to have an Iron Ring &, to draw 'em out if it is neceſſary. Fig. 17. 
Tax Barrel ſhould be made of Braſs, Copper, Pot-Metal, (made of 
Lead and Copper) hard Metal made of Lead and Tin, or of hard Lead, 
that it may be ſmooth, in order to apply cloſe to the Piſton ; Wood is 


only uſed for Cheapneſs. 


Plate 14. 
Fig. 17. 


19. Ir it were required to make Water go up the oblique Pipe BC, (Eg. Plate 14. 
18.) by means of the Pump @ D, then the Top D of the Pump muſt be *' 18. 
ſhut, to hinder the Water from going thro' it, but at the ſame time it muſt 
allow a free Paſſage for the Iron Rod which gives the motion to the Bucket. 

Tux Way of doing it, is to have a Braſs Plate A A (Fig. 19.) larger than a 
the Pipe, and ſcrew'd at its Top. The ſaid Braſs Plate muſt have a Hole B, Fg. on 
(Fig. 20.) to receive the Screw E of a Braſs Box DD CC, (Fig. 21.) 

This Braſs Box is made of two Pieces DD and CC, (Fig. 22, and 23.) pure 14. 
which can be ſcrew'd together at ff. It is made hollow in the Inſide, Fig. 20, 21. 
and is fix d with ſeveral oil'd Leathers applied to one another, and hav- * 73 
ing each of them a Hole in the Middle, of the ſame Bigneſs as the Iron 
Rod. There muſt be Holes equal and correſpondent to them at the Top 
and at the Bottom of the Braſs Box. Then it is evident, that if it be 
put together, and the Iron Rod goes thro' the Holes, then if the Pump 
plays, the Water being hindred by the Leathers in the Box from going 
out at the Top of the Barrel, will go up the oblique Pipe BC, where 
it may paſs through a Valve V to ſtop its Return. See Fig. 18. 

N. B. SOMETIMES there is a large Veſſel or Cylinder of Lead 
LLCC, (Fig. 21.) to be kept full of Water, that the Leathers of the 
Collar may be always kept moiſt. Such a Collar and Box is called by 
the Workmen in the North gr" ge Head. | 

Tux lifting Pump conſiſts of a Barrel A B B, opened at the lower 
End B B, and having a Valve H at its Top, where it communicates pute 14. 
with the Pipe C. There is an inverted Bucket G, which moves up Fig. 24. 
and down in the Barrel by means of an Iron Rod DEFE. The 
Bucket has a Valve I at its Top, and has the Hole at its Side, which 
goes quite to the Top, and thro' on the Inſide. 

Ir then the Barrel be put in Water up to WW, it is evident that when 
the Bucket is down, the Water will rite to that Level in the Barrel, thro' 


the Hole in the Bucket, But when the Bucket moves upwards, the 
| Preſſure 


Plate 14. 
Fig. 21. 


Plate 14. 
Fig. 39. 


Plate 14. 


Fig. 40, 41, 


432. 


Fig. 43, 44. 


Fig. 39. 


Ann. 6. 
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Lect. VI. if then the lower with its Leather be fcrew'd on again, and the hollow 
oy Cylinder be applied to the Top of the Barrel, as they both are of an equal 


Bore, the Forcer can be brought down into the Barrel, without any 
Reſiſt ance. 112 v8) | 5 2 


22. Tue beſt way of making Forcers, is to have a Plunger, or ſolid 
Braſs Cylinder A, (Fig. 39.) equal in Length to the Barrel, and a little 
leſs in Diameter than the Bore, fo that it can move freely in it without 
any Friction; there muſt be two hollow ſhort Braſs Cylinders, or rather 
Rings, CC, DD (Fig. 40, and 41.) at the Top of the Barrel EF, which 
can be ſcrew'd together, 'The upper one CC muſt be equal in Bore to 
it, and the lower D a little leſs. There are two Leathers F G, (Fig. 43, 
and 44.) both having in the Middle a leſs Hole than the Bore of the Pipe. 
The one muſt be applied between the Barrel and the Ring D, and the 
other between the tame D, and the upper one C, and the whole muſt 
be ſcrew'd together. Then if the ſolid Cylinder A, be put into it, and 
moved up and down, it is evident that the two before-mentioned Lea- 
thers, which are applied the one to the Barrel, and the other to the In- 
fide of the hollow Cylinder C, will hinder any Air from getting be- 
tween them and the ſolid Cylinder A. N. B. If the Bore of the Bartel 
be much bigger than the Diameter of the Cylinder, a third Ring like 
CC muſt be alſo fixed under DD, for the lower Leather to apply to. 

Tung Advantage of this kind of Forcers, is, that they have no other 
Friction, but at the Top of the Barrel, and that the Inſide of the Bar- 
rel need not to be ſmooth, as in other kinds of Pumps, but only the 
Outſide of the Forcer A muſt be turn'd true and poliſh'd, which can 
be done a great deal eaſier. 

Tux lower Part of the Forcer A, muſt be turn'd a little conical, that 
it may be brought into the Barrel, without any Reſiſtance of the upper 
Leather of the above-mentioned. Collar or Jack-Head. 

IF it be defired to know to what Height Water will riſe in any 
Pump at every Stroke of the Piſton, it can be found by Algebra ; pro- 
vided the Play or Stroke of the Piſton, and its Diſtance from the Sur- 
face of the Water, be known. See the Notes . | 

To illuſtrate this yet further, I have contrived all theſe ſeveral Pumps 
with the working Barrels, the firſt Part of the Conduct, and the Ait- 
Veſſels, all of Glaſs, to make the Motion of the Piſtons (whether Buckets 


or Forcers) viſible, as well as the Riſe and Fall of the Valves, and the Ac- 


tion of the Air upon the Water, as it drives it, by expanding itſelf after 
it has been compreſſed. But as theſe Machines are chiefly intended to 
make every thing plain and viſible at my Courſes of Experimental oy, 
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ſophy, we are not to expect a Scale to the Draught, or the juſt Propor- Lect. VIII. 

tions of the Valves, and of the Sucking and Forcing Pipes, Sc. neither 

need we give any ample Deſcription of theſe working Models, the In- 

ſpection of the Draughts, and what we have ſaid ready, being ſufficient.: 
eg. Ng 1, 2, 3, 4, J 

23. Tux firſt Figure repreſents the Sucking Pump. The Lump or plac 15. 

Foot of Wood G has fixed to it a Braſs Frame, conſiſting of two Rulers Fis. 22 * 

or long Plates, ſuch as G C, (repreſented here as broken off, to ſhew ® * ?' 

the Hind Part; and viſible only at three Places, as G, E and C,) with 

two Rings having Ears coming out horizontally on their Sides at A B, 

and DF. The Glaſs Pamp-Barrel CO, open at bottom and cloſe at 

Top, with its Braſs-Work at O E and PC, is let into the Rings of the 

Frame above-mentioned as it ſtands up. The Lifting, or Piſton- moving 

Rods, are let down thro' the Holes in the Ears A, B, D, F, and are fixed 

at Bottom by the Screws KL, to the Croſs-Plate K ML, which has at its 

Middle Ma perpendicular Rod MN, bearing the inverted Pifton N with 

its Valve n. From P the Braſs-Work of the Topof the Glaſe-Barrel, 

goes an Elbow made of two Pieces B, Q, one of which Q has at Top. 

the Valve 9. The Glaſs Conduct-Pipe TR, with its Brafs- Work at 

TR, and its Ajutage or Spouting-Pipe at Z, is ſcrew'd on upon 2 

then the whole Machine, Pump, Rods, Frame, and Foot is plunge 

almoſt as far as C, into the Water of the Glaſs- Jar VX Y W, repre- 

ſenting a Well or Ciſtern in which a Lifting-Pump works : the Foot 

G reſting upon the Bottom of the Glaſs. 

To work this Pump, take hold of the Ring fixed to the Plate H I, and 

puſhing downwards till M comes to G, as the Piſton comes down the 

Water will riſe thro' it, and come upwards thro' the Valve at =; then 

pulling the Rods up again, the Valve ſhutting, the Piſton will puſh the 

Water before it, which will of along CPBQT, and lifting up the 

Valve 9, riſe as far as S in the Conduct-Pipe. Putting down the Rods 

again, the Valve q will ſhut and retain all the Water that is above it, whilſt 

the Piſton or inverted Bucket N ferches another Quantity of Water, which 

lifted up will raiſe the Valve g again, and go up towards R, till after a few 

Strokes the Water will come out at Z. In this Caſe, whether the Water 

ſpouts out at Z, or is conducted in a long Pipe to be delivered at a great 

Diſtance, it will come by Intervals, iſſuing out only when the Piſton N 

coming up. But you may have a conſtant Stream of Water, by turning 

the Piece I R into an Air. Veſſel, which is done thus: Having ſerew d 

off the Head at R, to the Under-Side of Z ſcrew the Glats-Pipe R 9; 

then Screw the Head on again before any Water be in the Conduct T R. : 

T2 | and 


* 
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Lect. VIII. and make all right. The next time that the Piſton coming up puſhes 
—— Water thro' the Valve g, at the ſame time that ſome of it goes thro? 


Plate 15. 
Fig. 2. 


the. Glaſs-Pipe and out at Z, ſome will go up into the Cavity 8 R, 
round about the Glaſs-Pipe, and condenſe the Air which filled the Space 
R into the Space SR; and when the Piſton goes down again to fetch 
more Water, the Air between Rand 8 expanding itſelf again, will con- 
tinue the ſtream out at Z, which would have ceaſed without it till the 
next Lift of the Piſton. 42% 8 „ 


N. B. There is not more Water raiſed in the ſame time by tbe Lie of an 
Air-Veſſel, than without, which has made ſome People belizve that an 
Air-Veſjel was of no Advantage in Engines. But there is à confiderable 
Advantage, eſpecially where Engines work faſt, Firſt, there is much 
leſs Strain upon the Condutt- Pipes, if the Water goes to a great Diſtance. 
Suppoſe, for Example, the Engine raiſes a Gallon at a Stroke, and goes 30 
Strokes in a Minute ;' every other Second the whole Water ſtande flill, and 
then the whole Quantity of it muſt be put in Motion a-new, every time the 
Valve q (called the Forcigg Value) opens, which is a great Shock to the 
Pipes. But if you uſe an Air-Veſſel, the Water is continnally running, 
which it does with only half the Velocity; becauſe no greater Quantity of 
Water in the whole Time, when continuous, runs thro, than did in half: 
Time when diſcontinuous: And it is plain, from what we have before 
n tbat the Impreſſion on the Pipes is quadruple, when the Velocity is 

uble. | 

In the Uſe of Engines to put cut Fires, which have no Air-Veſſels, like 
tbe Dutch Engines, or old Pariſh Engines, a great deal of Water is loſt 
at the Beginning and End of the Jet or Steuting of the Water, whereas 
not one Drop is loſt when the Engine has an Air Veſſel ſufficiently large. 
Beſides, 1f you atm at any Place by turning the Spouting-Pipe to it, you 
cannot direct the Water to it, and ſtriłe it, near ſo ſoon, when there is an 
Air- Veſſel as when there is not. 


24. Tux ſecond Figure ſhews a Sucking Pump, where Srepreſents the 
Sucking-Pipe, and V its Valve; DP is the Pump-Barrel here made of 
Glaſs; B is the Piſton or moveable Bucket with its Valve W, which 1s 
moved up and down by its Handle A. When B riſes, it takes off the 
Preſſure of the Air from its Valve W. Whereupon the Weight of the 
Atmoſphere on the Water in the Well puſhes up through 8, thenthrough 
the Valve V towards the Bucket B. Puſhing the Bucket down again, 


the Water having ſhut the Valve V, comes up through the Bucket, 
| opening 
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opening the Valve W; then it is lifted by the Bucket into the Ciſtern Lect. VII | 14 
CD, from whence it runs out thro the Noſe or Spout Pp Q. — 
| 
| 


bg... Tux chird Sort of Pump, (Fig. 3.) is the Sucking and Lifting hoe. is; [ 

Tus Sucking Pump is commonly uſed in a Yard or Area near a | | 

Houſe, to draw Water out of a Well for the Ules of the lower Part of the | 
Houſe; but if you join to its Noſe a Pipe of Conduct, ſhutting up the 
Noſe with a Cock, and putting a Collar of Leathers on the Top of the 
Pump, which admits only the Rod of the Piſton, and lets out no | 
Water ; the Water upon occaſion, (as in Caſe of Fire) may be conveyed 
to the Top or any Part of the Houſe. If the Conduct is carried along =! 
in the Corner of a Stair-Caſe ; by ſcrewing on a Leather Pipe at every : 
Floor, the Water may be carried into any Room, ſo as to ſpout againſt 
any ſudden Fire. There will, at that time, be only ſo much more Labour 
required of the Perſons employed in pumping, as the Water is raiſed 
higher than the Noſe of the Pump. At other times, the Cock, which we 
have ſuppoſed at Q, being opened, the Pump ſerves for its common — 
Uſes, and goes as eaſy as if it had none of the Additions above-mentioned. ! | 
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EveRY thing in this Figure is marked with the ſame Letters as the 
laſt ; only here is added the Collar of Leathers C, the Leathern Pipe L, 
and the Conduct-Pipe T R, with its forcing Valve F. | 


5 -aSa«4 irs 
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26. Tux fourth Figure repreſents the Forcing Pump, where the Plate 15. 
Glaſs Tube repreſenting the Barrel, is now inverted with the Communi- Fg: 4 
cation-Piece at Bottoin. The Piſton B B has no Valve, but Leathers 
looking upwards and downwards, above and below the guiding Plate, BB, 
as has been already deſcribed. By the Handle A, pull up B B, and the 
Water will come up the Pipe S, thro' the Sucking Valve P, for the Rea- 
ſons already deſcribed : thence being puſhed down again by the Piſton 
BB, it will go thro' PpQT, and the Forcing Valve F, Part up the 
Pipe FR, where it will immediately ſpout out, and Part will rife round 
the Tube up to a a, where it will condenſe the Air, which expanding it- 
ſelf again, will continue the Jet whilſt the Piſton is riſing to bring the vi 
Water out of the Well. N. B. The Cup CD is to keep a little Water | þ 


— + K 
9 rr 
m — os 


in, that the Leathers of the Piſton may be always moiſt and tight. 


27. Tux fifth Figure repreſents the Pump with the Plunger, ſuch as Plate 15. 

we have already deſcribed Numb. 22. of this Lecture; ſo that we ſhall Fig. 5- 

need to ſay the leſs about it here. BB is a Braſs Plunger or ſolid Cylin- 

der, with its double Rod A, on which are ſlipped the Cheeſes, or _ 14 
at th 


166 * g of Aon Phibloply... 
Lect. VIII. flat Weights, EFFE to add to the Weight of the Plunger upon oe 
— ſion; C DO is the Jack-Head and its Cup, to be further deſcribed, Fig. 
6. Here the Conduct F Z, which may be ſuppoſed of any Length, and 
to run to any Diſtance, bas a Side · P G, to which is joined the Air. 
"Veſſel GI K H, which needs no far - 66 r Deſcription than a Sight of the 
Figure, which ſhews how the Water riſing up towards I H condenſes 
the Air above it towards K, which re- acts upon the Water to dtive it 
into the Pipes in the Intervals of the Strokes from the Engine. 


1 15 28. Tur ſixth Figure is a Section of the Jack- Head, to ſhew its 
SE Parts ſtill plainer. [ 


: 3 CC, that Part of the Plunger which is embraced by the Jack« 
Head, 
GggG, the Guiding: Plate, whoſe Hole is but juſt big enough for 
the Plunger to flip thro'. _ 
VuuV, the upper Plate, whoſe Hole i is wide enough for the Lea 
thers d g u, dg u, to turn up between the Plate and the Plunger. 
LAAL is the Return of the Pipe; to which all the Plates of the 
Jack-Head are joined by the Screws 35, leaving room enough for the 
Leathers e g H, eg H, to turn down and apply to the Plunger. 
BC H, B CH, ſhews the Space between the Plunger and the Barrel. 


Plate. 15. 


Fig. 9. 29. Tur ſeventh Figure repreſents the Section of a Pump with the 


Plunger working thro the Jack-Head, where the Pipes, Valves, Plun- 
ger and Rod, are repreſented by the ſame Letters as in the foregoing 
igures ; only here is to be obſerved, that in the Section of the Cup, 
PCDis a little Pipe with a Cock at C, and a Valve at D, to diſcharge 
the Air between the Plunger and the Barre], till the Water is come wh 
Wan to the Jack-Head. 


N. B. In making the Eapervivents with the Glaſs Models of the Panna 
there is generally put on a Sport that turns downwards, (Fig. 1) 10 Le 
vent the Perſons preſent from being wet. 


End of the EiohrH LECTURE. 
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AxNOT ATI oNs upon the Eighth Lecture 


1. [1,=—The Air bas Been ſuck d eut, &c.—fhort Leg —tbat Part which is 
above Water —— as if the Orifice was at G.] 


to run. 


EXPERIMENT 1. Plate 16. Fig. 1, 2, and 3. 


each other without any Water running out : then plunge the two Ends E, F, 
of this Syphon, into the two Jars of Water A Band CD, Fig. 2. in the firſt 
of which the Water ſtands at SS, the lower in the Jar CD, (as at 5s) the 
Water will immediately run from AB into. C D, ill, by falling in AB, and 
riſing in CD, it ſettles at OP, the ſame Level in both Jars. If Water be 
pour'd into the Jar C D up to C, it will run back into the Jar AB, till it 
comes up to SS in that Veſſel, whilſt it is got down to T in CD, or the Line 
SST, ſhewing both Surfaces to be at the fame Level. The ſame thing would 
have happen'd by holding the Jar AB ſo much below the Level of CD: 
and ſo the Water will run alternately from one Jar into the other, the two 
Legs becoming ſucceſſively the driving or the iſſuing Leg; that is here, the 
long Leg, or Fort Leg; which ſhews, that the Length of the Legs is only 
to be reckon'd above the Liquor. So that when the Water is at SS in AB, 
and 55in CD, not ER, but MR, is the bort Leg; and RN, not RD, the 
long Leg : conſequently, if by holding the Jar A Blower than CD, the Sur- 
face SS be brought lower than 5s, NK will be the driving or ort Leg, and 
RE the iſſuing or long Leg. 

To ſhew likewiſe that the Length of the Legs are to be eſtimated by their 
perpendicular Height, Let L/ be a level Line running thro” the upper Part of 
the Bend of the Syphon; LM and IN, Perpendiculars, let down from it to 
the Surfaces of the Water SS and 55, muſt be call'd the Lengths of the Legs 
MR and NR. | 

Tuis will appear more evidently by Fig. 3. where inclining this Syphon 
when full, the Water will run out at E, when F is rais'd up, (and likewiſe at 
F, when E is rais'd up) for no other Reaſon, but becauſe the equal Columns 
of Water in the equal Legs E L and F L, or the Legs themſelyes, are made 


unequal 


SYPHON may be fo contriv'd, that there ſhall be no need of ſuck- Annotat. 
ing out the Air; but only filling it with Water, or the Liquor that is Lect. VIII. 
to be decanted, before you put it into the Veſſel from which the Liquor i 


Take a Syphon of equal Legs turn'd up at the End of each Leg as ERF, Plate 16. 
Fig. 1. and having filPd it with Water, the Columns of Water will balance Fig. 1, 2, 3. 


Lect. VIII. ing 


. A "Conrſe of Experimental P hiloſophy . 


r in their perpendicular Height, L F becoming /F, and LE becom. 


2. [3.—--The Preſſure of the Air the Cauſe of the Water being puſb d up ins 
the Syphon, &c.] Here it may be objected, that Syphons will run in va. 
cuo, and therefore that the Air is not concern'd in the Motion of Fluids thro! 


- a Syphon: and indeed I have made the Experiment both with Water and 


Mercury; for having filPd a Syphon, ſuch as is repreſented in Fig. 1 ſucceſ. 
ſively with thoſe Liquors, and ſuſpended it by a Slip-Wire in the Receiver of 


an Air-Pump, over two {mall Jars containing Mercury to unequal Heights, 


(and Water, when Water was uſed in the Syphon) I exhauſted the Air our 
of the Receiver, and then letting down the Syphon, ſo that its two Ends 
went into the Liquor in the Jars, the Liquor ran from the higher into the 
lower Veilel. | 

Also made an ne een; in the open Air, where the Mercury ran 
thro? a Syphon, whoſe Bend was more than 31 Inches above the lower Orifice 
of the ſhort Leg of the Syphon. | 


Eo denn 2. Plate 16. Fig. 4, 5, and 6. ; 
I Took a Glaſs Tube AB, Fig. 4. 33 Inches long, an Inch and an half in 


its outward, and an Inch and a quarter in its inward Diameter; and having 


cemented its lower End into a wooden Foot BNN, made heavy to ſtand faſt, 


I cemented its upper End into an hollow Cylinder of Wood, Fig. 5. that had 


a large Slit cut in it at OP, to be fill'd up by a fliding Piece I., after having let 
into the ſaid Slit the Bend of a Glaſs Syphon, having one Leg in the Tube, and 
the other without it. The Syphon is repreſented by 8 Ls, Fig. 4. and Tig. 
6. The Height from S to L was 32 Inches, and from L to s 35 Inches. 
Having put the Leg S of the Syphon into the Tube, and reſted its Bend at L, 
I made it faſt and all tight by Cement about the Bend of the Tube, after the 
Piece L (of Fig. 5.) had been let into the Slit to fill it up, Things being thus 
prepar'd, I fill'd the great Tube with Mercury up to MM, (ſee Fig. 4.) then 
having plac'd a Jar under 3, to receive the iſſuing Mercury, I puſh'd in a 


ſmall Stick DE by the Side of the Syphon into the great Tube, to raile the 
Mercury to IL, which ſet the Syphon a running, and that running continu'd 
till the Surface of the Mercury came down to S in the great Tube, Fig. 4. 


repreſents the Section, and Hg. 6. the Perſpective of the Machine. Not- 
withſtanding theſe Experiments, the Air is the Cauſe of the running of Li- 
quors in Syphons ; for, that it ran in vacuo, was only owing to the Attraction 
of Cohefion, which acts for a ſmall Height; becauſe the Experiment will not 


| ſucceed in vacuo, if the Syphon uſed for Mercury has its Bend fix Inches 


higher than the Orifice of the ſhort Leg, and if the Bend of the Syphon for 
Water be two or three Feet high. Neither will the laſt mention'd Experi- 
ment anſwer, if the Bend of the Syphon be 40 Inches high; and ia all the 
Experiment the Bores of the Syphons muſt be very ſmall. 


Plate 
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| 4 Tor Plate 16. Fg. 12. un Win a 
Ann. 3.6. bis Conſideration of Monſ. Belidor”s is of greet uſe.iu making Annotat. 
Pumps, &c.——vtfer—-to the Notes upon that Subjecl.] Having weil examin'd Lect. VIII. 
what Mr. Belidor has taken notice of, in relation. to the 4th, 5th, and bth Cw 
. Figures of Plate 13, we will apply it to a ſucking Pump, and then give Mr. plate 12. 
gelidor's Calculation of it. | | E Fig. 13. 
Ler ABFGSDE be an inverted Syphon with equal Legs. Let ABDC 
be the driving Leg. fill'd with Water as far as SF, the Bottom of the iſſuing 
Leg: it SF, from being ſtopp'd, be ſuddenly unſtopp'd, the Water will be- 
gin to riſe towards G with all the Velocity belonging to an Height as AD. 
(eſtimated by the ſquare Rootof it) but that Velocity will diminiſh as the Water 
comes down from AC, till it ſtands at a Level in both Legs. If the 
driving Leg AD was kept full, the Water would riſe up to G ih the iſſuing 
Leg GS, and run out continually, if AC be ever ſo little higher than G. 
Suppoſing {til}, that the driving Leg AD is kept full, and the Stop be re: 
mov'd from SF to QR, or that a moyable Piſton is held at Q; upon te- 
moving this Piſton upwards towards 6 c, the Water at Q_will rile up, not 
with a Velocity propottionable to the Root of A Q, (or of / AD—SQ,) 


but with a Velocity proportionable to / AD — SQ, which is much leſs; 
ſo that if the Piſton be drawn upwards from Q with the ſame Velocity that 
the Water would have at S F, (if che Piſton had been pull'd up from that 
Place) the Water will not riſe faſt enough to follow it, and touch it conti- 
nually, but leave a Space between, till the Piſton coming down meets it 
agam. | a 2 nolan. 
Now let us ſuppoſe the iſſuing Leg G F to be chang'd into the Pipe of a 
ſucking Pump GL, going into the Water of a Well, Pond or River, whoſe 
Surface is S M; then A D will be no longer a Column of Water, as a Leg of 
a Syphon; but the Weight of che Atmoſphere, Which we will for eaſe of Cal - 
culation ſtill call a Column of Water 33 Feet high; QR the Level, or Place 
of the Piſton hen, at loweſt, and Qs the Height of its Play: SQgOP, 
the Diſtance of the Piſton, above the Surface of the Water in the Well 7, 29 
Feet, and AN =25,74 Feet. 1 ſay that in this Caſe the Piſton riſing from 
K with the ſame Velocity, that: would be proper for it to riſe from SM,” tho 
w:th the ſame Length of Strate, the ſame Number of Strokes in a Minute, and 
leaded with the ſame Weight of, Atmoſphere, would not raiſe! ſo much Water; 
«5 v1:] be eaſily hewn. Since 3, is the Root of AD (=33) we may con- 
er that Number as proportional to the Velocity of the Piſton working at 
SF, which is the Velo with which the Water can follow. But ſince the 
Velocity of the Water at QR, is only proportionable to the Number 3, (be- 
cauſe H V7,29:= 5,7-—-2,7=3) the Water will only follow the Piſton, 
hen it moves upwards from Q with a Velocity which is to that of the Piſton, 
as 3 to 45,7. 3 ſo that the upper Part of the Stroke of the Piſton will be inef- 
fectual, there being a void Space between the Water and the Piſton, and like» 
* ſome Part of the deſcending Stroke loft, till the Piſton comes down to 
OL, II. . 2 the 
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A. Courſe of Experimental Philoſophy. 


the Water to preſs it up thro” its Valve: and this will happen every time that - 


the Piſton having deſcended its full Stroke, riſes up from QR. TI have obfers'g 
ſeveral Pumps at Sea, which had this Defect, eſpecially when they were new. 


As the Men preſs'd down the Handle with which they pump'd, if they did 


not hold down the Handle ſome time, it would fly up again, and the Piſton 


come down near half its Stroke: in this caſe the, Water roſe flower than 
the Piſton, not only for the Reaſons already given, but alſo becauſe the ſuck. 


ing Pipe in thoſe Pumps is generally made much narrower than the Barrel, or 


the Part where the Bucket or Piſton works. But the Sailors think this an Ex. 


cellency in their Pumps, and ſay upon that occaſion, that the Pump ſpeaks, 
which is only a fign that the Pump is tight, and not that it raiſes more Water 


than if it went eaſier. If ſeveral Pumps move by any ſteady Power, ſuch as 


that Power T railes that Piſton from R to c, w 


Water, Wind, or Horſes, and work by Regulators, the Defect is not imme- 
diately ſeen, but found by the too ſmall Quantity of Water rais'd. In Ma. 
chines one may alſo give the Piſtons too {mall a Velocity, ſo that the Water, 
from the Preſſure of the Atmoſphere, ſhall receive a greater Velocity, which 
wilt likewiſe diminiſh the Quantity of Water to be rais dc. 

J have here tranſlated from Monſ. Belidor, (Architecture Hydraulique, Lir. 
2. Ch. 3. Page 83.) his Manner of applying this to the Theory of ſucking Pumps. 
In which I have not reduc'd his French t Engliſh Meaſures, to avoid Fraftions , 
and becauſe, when any Problem ts ſolv'd by bis Method, you only need at laſt to in- 
creaſe the number of Feet and Inches , becauſe 15 French Feet or Inches are 
equal to 16 Engliſh Feet or Inches, in round Numbers. | 

He ſuppoſes the Piſtons ſo fix'd to a Machine, as to have a confin'd Stroke 
and Velocity in their working; and goes on thus, beginning from the Conli. 
deration of a Syphon. | | * | x 
„Maximo uſe of a Syphon, whoſe firſt, (or driving Leg) is always kept 
full of Water; and the ſecond, (or iſſuing Leg) only up to the Height QR, 
becauſe it is ſtopp'd by a Piſton P, ſuſtain'd by the Power T; I ſay, that if 


ith a Velocity always uniform, 


one of the following Caſes will always happen. 
Tuo' the Water be not free, it will always endeavour, as it accompanies 
the Piſton from R to c, to riſe with all the different Velocities of which it is 


ſuſceptible; but if in going up it is reduc'd to a Velocity leſs than that of the 


Piſton, it. will ceaſe to follow ir, and there will be a void Space between them, 
which will increaſe more and more, in proportion as the Velocity of the Water 
will become leſs than that of the Piſton. This is the firſt Caſe. 

In the ſecoad Caſe, if the leaſt Velocity of the Water be much greater than 
that of the Piſton, not only there will be no void Space between them, but on 
the contrary, during the time of the Riſe of the Piſton, the Water would be 
able to fill a Space much larger than RQ c. 

Surrosix each of the Fans of the Syphon to be 31 Feet high, the 
Weight of the Water of the firſt AD may be taken for that of the Atmo- 
ſphere, and now conſidering one Pipe, as GL, plung'd in Water to the Level 
DM, it will-happen, that if by any Cauſe whatever, this Pipe be depriv'd of 
Air, the Water will riſe naturally in it from F to R, till it reaches the "m_ 
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and act according to the Circumſtances which belong to the one or the Annotat. 
other of the two: foregoing Caſes; therefore the Pipe GL, may be look'd Lect. VIII. 


vpon as a Sucking Pump which is uniform, and where the Height R c denotes Gaye 
the Stroke of the Piſton. 


Ir follows from the firſt Caſe; that when in a Sucking Pump, the Velo- 

city of the riſing Water is leſs than that of the Piſton, there is produced an 
empty Space which makes the Pump nct give lo much Water as it ought; 
tho the Piſton works at à much leſs Height than 31 Feet; becauſe the 
piſton beginning to deſcend before the Pump- Barrel is full, at every Stroke 
you loſe a Bulk of Water equal to that Void: And if this can happen even 
where the Diameter of the Sucking Pipe is equal to that of the Pump- Bar- 
rel, much ſooner will it happen if the Sucking Pipe be made much ſmaller, 
becauſe the Water riſing thro' a leſs Paſſage, will be longer in filling the 
Pump- Barrel, and therefore ſooner quit the Piſton, and leave the greater void 
Space between. 
Ou the contrary it follows from the ſecond Caſe, that when the leaſt 
Velocity of the Water, conſider'd as uniform, ſhall be much greater than 
that of the Piſton, there will be no void Space, and the Pump- Barrel may 
be made wider than the Sucking Pipe, without fearing that the Water ſhould 
ever quit the Piſton z and this will always happen, when zhe Squares of the 
Diameters of the Piſton, and of the Sucking Pipe, the leaſt Velocity of the Wa- 
ter, and that of the Pijlon, are reciprocal.y proportional; - becauſe. then the 
inner Bulk of the Barre! will always be leſs than that of the Column of 
Water that is able to come into it, during the riſe of the Piſton : Now I 
judge that one can hardly give a Piſton more Velocity than of 4 Foot in 
a Second, without expoſing the Parts of the Engine to the Danger of being 
ſoon 1 and indeed I have never ſeen any Pump whoſe Piſton did move 
ſo faſt. 

Lr us call the Height of the Water equivalent to the Weight of the At- Plate 16. 
moſphere Sa; the higheſt Elevation of the Piſton above the Surface of the Fig. 12. 


Water in the Well EY: v/ a— V vill expreſs the leaſt Velocity of the 
Water which will riſe into the Pump- Barrel, and not Va-; which is very 


different, for we have 4 4 bþ—2 J for the Fall capable to produce the Ve- 
locity, inſtead of a- according to the common Method; therefore, to have 
that Hell, you muſt ſeek a mean Proportional between the Height of the Columm ef 
[ater equivalent to the Weight of the Atmoſphere, and that of the greateſt Eleva- 
lion of the Piſton above the Water in the Well, double that Mean, and ſubſtrad it 
from the Sum of the two Extremes. 

Fox Example, having 2 2 31 Feet, we ſuppoſe += 16 ; thus the Mean 
between thoſe (wo Numbers will be about 22 Feet 3 Inches, which being 
doubled, gives 44 Feet 6 Inches, which muſt be ſubſtracted from 47 Feet, 
the Sum of the ſaid Numbers; and the Difference will be 2 Foot 6 Inches 
tor the Fall; whereas, according to the common Notion, it would be 1 5 Foot. 
| leave the Reader to judge of what conſequence in Practice may be a Diffe- 
rence arifing from ſuch an Error. | 
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Annotat: Io give a general Canon, that ſhall take in all that relates to the preſent 
Lect. VIII; Subject, we will call the leaſt Velocity of the Water that riſes in the Pump- 
Barrel v, # the Velocity of the Piſton; D the Diameter of the Pump-Barrel; 
and d that of the Sucking-Pipe ; and then we ſhall have V: : DD: 44, 
whence we deduce V 4d =u« D D, which is an Equation made up only or 
| tour different Quaatities, one of which is eaſy to find, the other three being 
iven. | 1 1 157800 ; 

| tn Example, if we had a ſucking Pump of ſix Inches Diameter, whoſe 
Piſton, according to the contrivance of the Machine, and the Velocity of the 
firſt Mover, ſhould give 20 Strokes in a Minute, each a two foot Stroke, 
ſpending as much Time in its Riſe as in its Defcent, that Piſton will move 
80 vn in a Minute, and conſequently will havr a Velocity of 16 Foot is a 
Second. | | gh 
I $8veeosx, ſecondly, that the higheſt: Elevation of the Piſton: above the 
lowelt Water, is 18 Foot, and that we want to know what Diameter muſt 
be given to the ſucking Pipe, that the Barrel may always be fill'd in the 
Time of the Riſe of the Piſton : In order to that, we muſt find what uni- 
form Velocities in a Second, Falls of 31, and 18 Feet will give; which we 
ſhall find to be 43 and 32 Feet g Inches, whoſe Difference gives 10 Foot 3 

Inches for the leaſt Velo. ity of the Water. | | 
Wr have then D =6 Inches, «=1-4 Foot, and VS IO Foot neglecting 


| the Fraction, which being ſubſtituted in — gives 2 Inches 2 Lines 


— 


—— - — — — 


and 3 of a Line for the Diameter that you want, but which you muſt make 
at leaſt of 2 Inches and 6 Lines, on account of the Friction. | 


Warn we know the Velocity of the Piſton, the Diameter of the Pump- 
| Barrel, and the Diameter of the ſucking Pipe, we ſhall have 2 7 = V for 
| the leaſt Velocity of the Water, which will be bad by multiplying the Square f 


| the Diameter of the Pijton by the Velocity of the ſaid Piſton, and dividing the Pro- 
| | duct by the Square of the Diameter of the ſucking Pipe. Then you mult take 
| 


away that Velocity from that which is relative to the Column of Water equi- 
valent to the Weight of the Atmoſphere ; the Difference will give the te. 
ſpective Velocity, for which we muſt only find the Fall, which will determine 
the higheſt Elevation of ,the Piſton above the loweſt Water of the Well, if 
its Level is apt to vary, and conſequently the Situation of the Pump. 
SupPosE that the leaſt Velocity of the Water be found to be 10 Foot 3 
Inches; you mult take it from 43, and the Difference will give 32 Feet 9 
Inches for the reſpective Velocity; thus ſeeking a Fall capable of producing 
that Velocity, we ſhall have 18 Foot for the greateſt Elevation of the Piſton. 
| So likewiſe, when we know the Diameter of the Pump-Barrel, that of the 
| ſucking Pipe, and the greateſt Elevation of the Piſton, and conſequently the 
| leaſt Velocity of the Water, one may determine what Velocity the Piſton 


muſt have,' that the Barrel of the Pump may fill; becauſe then we have 
| 555 Su, which ſhews that we muſt multiply the leaſt Velocity of the Water 
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LasTLY,' when we know the Velocity of the Piſton, the Diameter of th 

ſucking Pipe, and the higheſt Elevation of the Piſton, or the leaſt Velocity; 

of the Water; one may alſo determine what muſt be the Diameter of the 
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Puwp-Barrel, .becauſe we have . =D, which ſhews that we muſt multi- 


ply the Square of the Diameter 9 be fucking Pipe by the Teaſt Volotity ef the Wa. 
lr. divide the Predutt by the Velocity of the Piſton, and from that Quotient ex- 
tract the Square Rook.” Men n [023 If 

4. [re. Dr. Jo. Atwell Sc -= in Phil. Tran. Numb. 42% C.] 
The ingenious Author, after making an Apology for what he intends to ſay 
upon the Natute of Iatermitting and Reciprocating Springs, declaring that what 
he offers is rather as a Conjecture, than an abſolute Solution of the Cauſe 
of theſe Phænomena, goes on with an Account of Laywell Spring in theſe 
Words _ | | 2 

« Tur Spring is ſituated at one End of the Town of Brixam near Torbay 
« in Devonſhire, and is known by the Name of Lay well. It is a leng Mile 
« diſtant from the Sea, upon the North Side of à Ridge of Hills, lying 
between it and the Sea, and making a Turn or Angle near this Spring. 
« Ir is ſituated in the Side of thoſe Hills, near the Bottom, and ſeems to 
« have its Courſe from the South-Weſt towards the North-Eaſt. > There is a 
« conſtantly running Stream, which diſcharges itſelf near one Corner into a 
« Baſon about eight Foo in Length, and four Foot and a half in Breadth, 
« the Outlet of which is at the farths End from the Entrance of the 
« Stream, about three Foot wide, and of a ſufficient Height. This I men- 
« tion, that a better Judgment may be made of the perpendicular Riſe of the 
© Water in the Baſon, at the Time of the Flux or Increaſe of the Stream. 
„Upon the Outſide of the Baſon are three other Springs, which always 
run, but with Streams ſubject to a like regular Increaſe and Decreaſe with the 
former: They ſeem indeed only Branches of the former, or rather Chan- 
nels diſcharging ſome Parts of the conſtantly running Water, which could 
not empty itſelf all into the Baſon; and therefore, when by means of the 
Seaſon, or Weather, Springs are large and high, upog the Flux or In- 
creaſe of this Fountain, ſeveral other little Springs are to break forth, 
both in the Bottom of the Baſon and without it; which” diſappear again 
upon the Ebb or Decreaſe of the Fountain. All the conſtantly running. 
Streams put together, at the Time that 1 ſaw them, were, I believe, more 
than ſufficient to drive an Overſhot-Mill, and the Stream running into the 
Baſon might be one half of the whole. I had made a Journey purpoſely to 
lee it, in company with a Friend; when we came to the Fountain, we were 
inform'd by a Man working juſt by the Baſon, that the Spring had flow'd: 
and ebb'd about twenty times that Morning, but had ceas'd doing ſo about 
* half an Hour before we came. I obſer ved the Stream running in the Baſon 
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Annotat. for more than an Hour by my Watch, without perceiving the leaft Variz- 
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tion in it, or the leaſt Alteration in the Height of the Surface of the Wa- 
ter in the Bafon ; which we could obſerve with great Nicety, by means of 
4 broad Stone laid in a ſhelving Poſition in the Water. Thus diſappoint- 
ed, we were obliged to go and take ſome little Refreſhment at our Inn, after 
which we intended to come back, and ſpend the reſt of our Time by the 


Fountain before we returned home. They told us in the Town, that 


many had been diſappointed in this manner, and the common People ſu- 


perſtitiouſly imputed it to I know not what Influence, which the Preſence 


of ſome People had over the Fountain. For which Reaſon they adviſed, 
that in caſe it did not flow and ebb when we were both preſent, one of 
us ſhould abſent himſelf to try whether it would do fo in the Preſence of 


the other Upon our Return to it, the Man who was ſtill at work, told us, 


that it begun to flow and ebb about half an Hour afcer we went away, 
and had done ſo ten or twelve times in leſs than a Minute; we ſaw the 
Stream coming into the Baſon, and likewiſe the others on the Outſide of 
the Baſon begin to increaſe, and to flow with great Violence, upon which 
the Surface ot the Water in the Baſon roſe an Inch and a Quarter perpen - 
dicularly, in near the Space of two Minutes; immediately after which, the 
Stream began to abate again to its ordinary Courſe; and in near two Mi- 
nutes Time the Surface was ſunk down te its uſual Height, where it re- 
mained two Minutes more; then it began to flow again as before, and in 
the Space of twenty-ſix Minutes flow'd and ebb'd five times; ſo that an 
Increaſe, Decreaſe, and Pauſe taken together, were made in about five Mi- 
nutes, or a little more. | | 
coup obſerve by the Mark upon the Stones, that the Surface of the 
Water in the Baſon had role before we came, at leaſt three Quarters of an 
Inch perpendicularly higher than we ſaw it; and I thought that I could per- 
ceive ſome very little Abatement each Turn, both in the Height and in the 
Time of the Riſing of the Surface, and conſequently in the Time of its 
linking; but the Time of the Pauſe, or ſtanding on the Surface at its uſual 
Height, or equable running of the Stream, was lengthened, yet ſo as to 
leave ſome Abatement in the Time of the Riſing, Sinking, and Pauſe taken 
together; this is all which my ſhort Time would allow me to oblerve. Ma- 
ny more Things ſhould have been taken. Notice of, as will appear from the 
Hypotheſis poſed to explain theſe Phænomena. 

« Bur before I enter upon explaining. that Hypo: heſis, I muſt remark 
what Difference or Agreement is to be found berween this Account of the 
Fountain, and another publiſhed in the Philo. Tranſ. Numb. 204. p. 909. 
910. in two Letters from Dr. Oliver to Walter Moyle, Eſq. The Doctor 
places it a Mile and half from Brixam, I ſuppoſe he means Brixam- uch, 
which is more than a Mile off from the Town. He gives the Dimenſions 
of the Baſon a little different from mine, making the Surface of it thirty 
Foot ſquare ; whereas I make it thirty-ſix Foot: He ſays, that it ebbs 


and flows very often every Hour, which is certainly falſe, as Pens e, | 
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by common Report, and by my own Obſervation : When it once begins Annotat. 
indeed to flow and ebb, it continues to do fo ſeveral times in an Hour; but I ect. VIII. 
then there is after th s again a certain Space of Time, perhaps two Hours or (Av 
more, when it runs in an equal Stream, without any the leaſt Variation; and | 
this is a particular Circumitance not obſerved in any Spring whatſoever that 
| have heard of, When the Doctor firſt ſaw it, viz. in Fidy 1693, he ſaid, 
that he judg'd-the Flux and Reflux, as he calls them, to be performed in 
about two Minutes: If he means two Minutes each, it agrees very well 
with my own Obſervations: but as he had neither Glaſs not Minute Watch 
with him, this Cbſervaiion cannot be depended on. When he ſaw it again, 
viz. Auguſt the ſame Year, be judged it to flow flower than before, which he 
explains by ſaying, that though it performed its Flux and Reflux in a little 
more than a Minute ( which by the way is quicker than before) yet it would 
ſtand at the low Water mark two or three Minutes, which I ſuppoſe he calls 
flowing lower than before, becauſe the Space of Time between the End of the 
Ebb an4 the B:ginning of the ſucceeding Flux was longer. I had never read 
© this Account til} lately, long ſince my own Obſetvations were made; bur, 
if we ſuppoſe the Doctor to have made his Obſervations ſomewhat nearer 
« the Time when the Fountain was to ceaſe ebbing and flowing than I made 
« mine, our Obſervations will pe: haps exactly egree, the Time of the Flux 
and Reflux being ſhorter, the Time of the Pauſe longer; but the whole 
« Time of the Flux, Reflux, and Pauſe taken together, being ſhorter by his 
Account than by my own. He ſays, that he found it by his Watch to 
« flow and ebb fixteen times in an Hour; I do not ſuppoſe that he made a 
« whole Hour's Obſervation; which muſt have ſhewn him a Difference in 
the Times of the Reciprocations that he did not perceive ; but having ob- 
*« ſerved, that one Reciprocation, or a Flux, Reflux, and Pauſe,” took up 
the Space of four Minutes; he from thence computed, as I imagine, that 
« would be ſixteen in an Hour, preſuming that there was no Alteration in 
the Times. In this Senſe I would underſtand him, when he adds, that he 
vas informed it ſometimes flowed twenty times in an Hour. For, ac- 
'* cording to his Obſervations, it lowed” at the Rate of ſixteen times in an 
Hour; according to my on Obſervations, at the Rate of twelve times in 
an Hour; perhaps before my Obſervation at a leſs Rate, and after his at 
** a greater. So that in a whole Hour, according to the ſeveral Rates taken 
[0g2ther, it may flow and ebb about nine or ten times, according to ano- 
ther Account which I have received; but of this I can aſſert nothing cer- 
tain, or upon my own Obſervations. The Doctor adds, that when the 
Water in the Baſon began to riſe, he obſerved/a Bubbling inthe Bottom of 
the Baſon, which ceaſed when the Water began to ſink. This I did not 
ſee, becauſe the Springs were ſmall and low, by means of a dry Seaſon ; 
but it was confirmed to me by the Report of Eye-Witnefles, as is before 
* obſerved. =; E 

** Having thus compared the two Accounts given of this Fountain, I 
come now to my Hypotheſis, for ' explaining the Phænomena obſerved - 
by me; and I imagine them to be occaſioned by two Streams or Springs, 
* 06. 
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Annorat,  * one of which paſling through two Caverns, or natural Reſervoirs, with Sy- 
Lect. VIII.“ phons, meets with the other Stream in a third Reſervoir, without a Syphon, 


5 * 
_ 13 
g 


< where being joined, they come aut of the Earth together. This complicated 
„Piece of Machinery will be beſt underſtood. by beginning with an Explana- 
tion of the more {imple Parts firſt; in doing of which we ſhall haye an Op- 
<< portunity of conſidering ſome other ſorts of Fountains, which have already 
„ been obſerved, or may hereafter be found to be in Nature. 


+ Taz Petitio Principii, or Suppoſition of Reſervoirs and Syphons in the 


* Bowels of the Earth, has been made by others; Pere Regnault, in his Phil. 


Converſatious, Fol. 2. Conv. 6. P. 123, Sc. Eng. Edit. has mention'd it in 
general; and Dri Deſaguliers, in Phil. Tranſ, Numb. 38 4. has attewpted to 
apply it co twp Caſes in particular; as Dechales, Trac. xvii. de Fontibus Na- 
*: tnralibus, Oc. Prop. xv, had done in two other Caſes before him. Nor is it 
ungatural or bard to be granted. Whoſoever has ſeen the Peak of Derly- 
« ſhire, the; hilly Parts of Wales, or other Countries, muſt be ſatisfy*d that they 
«abound with Caverns of many forts, Some of them are dry, others ſerve 
only for Paſſages, or Channels to Streams which run thro” them; and a third 
s ſort collect, and hold Water till they are full. They mult like wiſe have ob- 
ſerved, that thete are ſometimes narrow Paſſages running between the Rocks, 
* which compoſe the Sides, and going from one Cavern to another, ſuch a 
« Paſſage, pe gi Rho ther Shape or Dimenſions, how crooked ſoever in its 
«+ Courle, if it be but tight, and runs from the lower Part of the Cavern, firſt 
*« upwards to a leſs Height than that of the Cavern, and then downwards be- 
low the Mouth of the ſaid Paſſage, will be a natural Syphon,“ | 


A $44URAL Reſervoir cheg, Plate 16, Fig. 7.1 ABCD, wich ſpch a na- 


tural Syphon, MNP, may be ſuppoſed, - Let a Stream, which-L;ſhall call 
the Feeding-Stream,. enter it, near the Top, at O. The ſaid; Cavern mult 
contain all the Water which comes in at ©, till it is filled to the Top of the Sy- 


phon at N. Then the Syphon beginning to play, and. being ſuppoſed always 


to diſcharge more Water than comes in at the Feeding: Stream at O, will empty 
the Cavern, till the Water is funk. in it below the Mouth of, the Syplien at M; 
when it muſh ſtop, till the Cavern is filled; and the Sypheu runs again, as be- 
fore. If the Water diſcharged by ſuch a Syphon, MP, be brought out of the 
Earth by a Channel P Q, the Water will flow out of the Earch, and ſtop al- 
ternately, making an intermitting Fountain at Q, 402 
By this plain and eaſy. Contrivance, ſeveral of the flowiag and ebving 
Springs obſerved: by the Naturaliſts may probably he explained, and even 3 
much greater Variety of them than is hitherto known, Hor if the feeding 
Stream at O ſhauld ariſe only from the Rains in, Winter, ot from the melting 
of Snow in Summer, the intermittiag Fountain would become a temporary 
Spring. as Dr. Plot calis ſuch Springs which ate confined to a Seaſon; , or if 
the feeding Stream at O ſhould be conſtant, but yet liable with other 
Springs to increaſe and decreaſe, ariſing from the Seaſonsz Weather, or other 
Cauſes, the Conſtruction of the Syphons would make great Alteration 3 for 
when the Syphon is ſo made, that, its Diſcharge (which is continually de- 


creaſing, as the Surface of the Water ſubſides in the Cavern) ſhall . 
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be equal to the Feeding-ſtream entering at O, in ſuch a Caſe, the Syphon muſt Annotat. 
continually run, and yet not empty the Cavern, till the Feeding-ftream at O is | ect. VIII. 
ſufficiently diminiſhed. But when the Diameter of the Syphon at N, accord- Lay 
ing to the Height of the Cavern, is ſo great, and the Feeding-ſtream at O fo Plate 16. 
ſmall, that the Sy phon can carry off (in the manner of a Waſte - Pipe) all the n 
Water which comes in, and yet not run with a full Stteam, the Syphon muſt ; 
then continue to run without emptying the Cavern till the Feeding-ſtream at 
O is ſufficiently enlarged. So that by theſe different Conſtructions of the Sy- 
phon there may be ſome Fountains which ſhall flow conſtantly in the Win- 
ter, or a wet Seaſon, and intermit in the Summer, or a dry Seaſon; and, 
on the contrary, others which ſhall low continually in the Summer, or a dry 
Seaſon, and intermit in the Winter, or a wet Seaſon, There is a third Va- 
riety, which may ariſe from the Make of the Syphons, and will occaſion ſuch 
[rregularities as admit of no certain Explanation. This happens when the 
Diſcharge of the Syphon at the very laſt is juſt equal to the Feeding ftream, - 
and the Cavity of the Syphon at N is large; for in this Caſe the Air-bubbles, | 
made by the Fall of the Feeding-ſtream from O, to the Bottom of the Cavern, 
will ſometimes accidentally get into the Mouth of the Syphon at M, and lodg- 
ing at N, will fo choak it, as to render its running and ſtopping, as well as the 
Quantity of its Diſcharge, entirely uncertain z ſo that theſe ſort of Fountains 
will admit of-no farther Conſideration, | | 

Bur before 1 leave the Confideration of Fountains explicable by one Re- 
ſervoir and Syphon, it may not be amiſs to obſerve, that thoſe which intermit 
regularly will have their Flux always longer, and their Pauſe, or Intermiſſion, 
ſhorter in Winter and in wet Weather, than in Summer, or in a dry Seaſon , 
which is a Conſequence of this Hypotheſis, by which it may be examined, 
whether it be applicable to any particular intermitting Fountain, or not. 

Ir the ſingle Reſervoir and Syphon has another Out- let at R, Fig. 8. ſituated Plate 16. 
between the Bottom CD of the Cavern, and the Top of the Syphon N, we Fig. 8. 
ſhall have another kind of Fountains. For if the Feeding- ſtream at O is ca- 
pable of being diſcharged by the Out- let at R, a Fountain derived from R will 
continually run, whillt the Feeding - ſtream can be diſcharged that way, and 
will encreaſe and decreaſe with any little Alteration happening to the Feeding- 
ſtream at O, - provided that the ſaid Stream does not grow too large for the 
Out-let at R. But in that Caſe the Cavern muſt be fill'd up to N, and the 
Syphon may begin to play; which, together with the Out let at R, may diſ- 
charge ſo much as to make the Surface of the Water in the Cavern fink below 
R, and conſequently the Fountain proceeding from R muſt ſtop. If the Diſ- 
charge of the Syphon is ſo great as to empty that Cavern, then the Fountain 
derived from R will, after ſome Time, begin to run again, and encreaſe till 
the Water riſes in the Cavern to N; after which it will decreaſe, and at length 
ſtop. But if the Diſcharge of the Syphon only keeps the Surface of the Water 
below R, without emptying the Cavern, then the Fountain derived from R 
mall be dried up, fo long as the Stream at O continues encreaſed, and ſhall 
run again when the ſaid Feeding-ſtream is leſſened. Thus we may have a 
Spring which ſhall run all Summer, and be dry all Winter: ſuch a Spring 
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will encreaſe juſt before it begins to fail,” i. e. whilſt the Water in the Cavern 


Lect VIII. is riſing to N, will be dried up ſooner in a wet Summer, and break out later 


— —— — 


Plate 16. 
Fig. 6. 


in a wet Winter, contrary to the Nature of other Springs. Which Particulars 
are woithy of Obſervation in ſuch ſort of Springs, (of which it is faid we have 
ſome in England) and will ſerve to diſcovet, whether they are occaſioned by 
this kind of Machinery, or go. | | 
Ir the Syphon, Fig. g. MNP of the Reſervoir ABCD, having no Out- let 
at R, ſhould diſcharge itſelf into @ ſecond; Reſervoir, EFG H, of -a' ſmaller 
Capacity, but furniſhed with a Syphon S TV, which diſcharges the Water 
more plentifully than it comes in; a Fountain derived from this ſecond Sy- 
phon STV, would flow and intermit, whilſt the firſt Syphon MNP conti- 
102d running, i. e. till che great-Reſervoir A BCD ſhould, be emptied, Af. 
ter which, it would entirely ſtop till che ſaid Reſervoir, ABC D was filled again 
by the Feeding- ſtream at O, and then it would flow and intermit, as before. 
_ Sucn a fort of compound Fountain would be liable to all the Variations of 
the former Fountains derived from a ſingle Reſervoir :- if we take the Firs of 
flowing and intermitting of this for the Flux of the former; and a long Stop 
in this, whilſt the great Reſervoir is filling, for the Pauſe or Intermiſſion of the 
former. Beſides which, we- muſt. remark, that as the Flux in the former 
Fountains may be changed, and be made longer or ſhorter ; ſo in this the Num- 
ber of Intermiſſions during one Fit of flowing and intermitting, may not al- 
ways be the ſame, becauſe of the different Capacities of the two Reſervoirs, 
and a Difference, or Change, occaſioned in the Feeding- ſtream at O. For if, 


whilſt the great Reſervoir ABC D is emptying, the little Reſervoir EFGH 


ſhould empty itſelf. nine times, for inſtance, and be full again, the Fountain 
derived from its Syphon 8 TV mult have nine Intermiſſions in one Fit, and 
ten in another, alternately, whilſt the Feeding: ſtream at O remains the ſame. 
But the Feeding: ſtteam at O, being leſſened or enlarged, without making the 
Syphon MN R run contiavally, the Number of latermiſſions in each Fit will 
be diminiſhed or augmented accordingly. But *tis peculiar to this laſt ſort of 
Fountaias, that in each Fit of flowing and intermitting, the firſt Flux will be 
larger and longer than the ſecond, and the ſecond than the third; but the firſt 


Intermifon will be ſhorter than the ſecond, and the ſecond than the third: be- 


cauſe the Syphon MNP cunaing faſter at the firſt than at the laſt, the Reſervoir 
EFG H muſt be a ſhorter time in being filled, and a longer time in being emp- 
tied the firſt-time than the ſecond; the ſecond than the third, and fo on. As to the 


whole Time of the firſt Flux and Intermiſſion, in compariſon of the whole Time 


of the ſecond Flux and Intermiſſion, it is a Particular, requiring ſo many things 
to be takea into Conſideration, for determining it in each Caſe, that I ſhall wave 


it here, and content myſelf with ſhewing that it may be longer, by an Experi- 


ment that will preſently be made. Another Variety in this fort of Fountains 


might be made by a ſecond Feeding-ſtream Z, coming into the ſecond Reſervoit 


EFG H; but the bare mentioning of that will at preſent be ſufficient. 
Ir in the Contrivance of a ſingle Reſervoir and Syphon, the Stream derived 
from the Syphon ſhould fall into another Reſervoir, Fig. 10. LK K L,- having 


no Syphon, but only a common Out-let X, and ſhould in this md 
. 2 a os me | 
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meet and join with another Stream conſtantly running, a Fountain derived Annota-. 
from the ſaid Out- let X would be a reciprocating Spring; by which Name I Lect. VIII. 
call thoſe Springs which flow conſtantly, but with a Stream ſubject to encreaſe 8 
and decreaſe, to diſtinguiſh them ſrom intermitting Springs, which flow r 
ſtop alternately. And if the Out- let X be too ſmall to carry off all the Water * 
brought into the Reſervoir IK K L by the Syphon, over and above what is 
brought in by the conſtantly running Stream W, then the Surface of the 
Water in the ſaid Reſervoir I K K L muſt continually riſe; till the Velocity ef 
the Stream going out at X, is ſufficiently encreaſed, to ca'ry off the Water 
coming in. Upon which the Diſcharge of the Syphon being contirually leſ- 
ſened, the ſaid Surface will again ſubſide, and the Velocity of the Stream at 
X will diminiſh 4 ſo that both the Encteaſe and Decreaſe in this reciprocatir 
Fountain will be gradual. Beſides, if the Reſervoir IK KL, or the Channel 
derived from it, ſhould have any Leaks, ' Crevices, or other Outlets, the 
Water will iſſue through them upon the riſing of the Surface in the ſaid Re- 
ſervoir, and occaſion Springs, which will ceaſe again when the Surface ſub- Place 16 
ſides. Let us now ſuppoſe ſuch a Reſervoir, Fig. 11. IK KL, with a con- Fig. Th 
ſtantly running Stream W, and an Out- let X to receive the Water of a Syphon 
5 TV, coming through two Reſervoirs A BC'D, and EFG H, as befere de- 
ſcribed. A Fountain derived from X, in this Caſe, would be an intermitting, 
reciprocating Spring, whoſe Stream would reciprocate, but whoſe Reciproca- 
tions would ſometimes ſtop, and have Fits of Interrmiſſion. | | 

Suck, in all Probability, is the Fountain called Zaywell, before deſcribed; 
whoſe Phænomena gave Occaſion to theſe Thoughts, and ſeem capable of 
being accounted for by ſuch a Contrivance. And, for the better Diſcovery 
of the Nature of this Fountain, Whether it is owing to ſuch a Piece of natu- 
ral Machinery, or otherwiſe, it would be proper to obſerve the Length of 
Time of each Encreaſe, Decreaſe, and Pauſe in every Reciprocation, together 
with the Number of Reciprocations in every reciprocating Fit, and likewiſe the 
Length of the latermiſſions of the ſaid Fits. Theſe Obſervations ſhould te 
continued for ſome Time, both in a fettied Seaſon, when the Feeding-ftream 
at O cannot change, and in Variety of Seaſons, when the ſaid Stream may be 
altered. 70 889 98 

Havinc now brought theſe Thoughts to the End propoſed, viz. an Ex- 
planation of ſuch a Fountain as Laycwell, I ſhall carry them no farther; but 
conclude, by preſenting to.the View of the Society an artificial Fountain of 
this kind, Fig. 11, which being very eaſily made, may be buried in the Bot- 
tom or Slope of a Terraſs; where-a conſtant Stream of Water can be broughr, 
and will furniſh us with a new fort of Water- Works in Gardens. The two 
Reſervoirs ABCD,  E FGH, with their Syphons MNP, ST V, and 
the third Reſervoir I KK L, with its Out-let X, are included in a Box 
YYYY. Into this Box at x enters a Funnel r r, divided within the Box 
into two Pipes, viz. x O, which ſerves for a Feeding-ſtream'to the great Re- 
I:rvoir, and à W, which. ſerves for a'conſtant Stream to the third Reſervoir. 
A Steam of Water being let into the. Funnel TAT, will diſcharge itſelf like 
loch an intermitting Fountain at X, where there is a Baſon Y Z Z Z without 
A a 2 | the 
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 Annotat, the Box to receive it; with an Out- let a, and a Diagonal Gage Z T, to mark 
Lect. VIII. the Riſe and Fall of the Water in the Baſon. * . 
| 5. [18.-——The beſt Way of making the Valves, &c.——) Monſieur Belidor, 
| in the ſecond Volume of his Architecture Hydraulique, mentions a new kind of 
ö | Valves of his Invention, which he preters to any that he ever ſaw; and in the 
| | Account of the great Improvements that he made tothe Machine of the Sama- 

ritaine upon the Pont neuf at Paris, he mentions theſe new Valves, and his 
new Piſtons, as the principal Parts alter'd much for the better. All the Oh. 
jection I have againſt them, is, that I think it very difficult for the Workmen 
| to make them, otherwiſe 1 think them extremely well contriv'd; and ſince he 
found Workmen that made thoſe which he uſed at the Renewal of the Machine 


of the Samaritaine : I thought it would be acceptable to the Reader to give 
Draughts and Deſcriptions of them here. | | 


Plate 17. Fig. 1, 2, 3, 4, 5, 6, 7. 
Plate 19. Taz firſt Figure repreſents a round Plate of Braſs, one half of which is 
Fig. 1, 2, 3, chamfer'd upwards, and the other half downwards. The Half CAD, which 
4+ 5, 6, 7- is greater by v than the other Half B, is taper'd on the under Side from L, to 
A, as you may ſee plainer in Fig. 7. where the ſame Letters are uſed. The 
other Half B is taper'd on the upper Side, as may alſo be ſeen in Fig. 7. at 
BM. On the upper Side of this Plate, nearer B than the Center G, is fcrew'd 
on with three Screws, an Axis EH F, with Gudgeons or Pivots E F, on 
which the Plate turns in its Motion, The ſecond Figure ſhews how this Axis 


* 


h is faſtened to the Plate. | 
1 Tux third Figure repreſents the Box, or Bed of the Valve, chamfer'd 
downward on all the ſemi-circulat Side L, to receive the Part AL of Fg. 1. 
4 falling upon it: and the other Part B, quite to A A, the Place where the 
i Pivots of the Axis are to reſt, is chamfer'd upwards from below, to receive 
the Part B of the Valve of Fig. 1. coming up againſt it. From theſe cham- 
fer*'d Edges on the Inſide, this Bed of the Valve ſpreads into a flat Ring to be 
| pinch'd between the Flaunches of the Pipes, (whether of Iron or Braſs) which 
; are ſcrew'd together with Leathers between, to make all tight. The fourth 
Figure repreſents the Section of this Bed, where OP repreſents its upper Pan 
chamfer'd downwards to receive GL A, the greater Half of the Valve of Fig. 
1. falling upon it: and QR, chamfer'd upwards, receives the ſmalleſt Half B 
| of the Valve of Fig. 1. riſing againſt it, as it ſhuts. The Valve thus ſhut in 
its Bed, or Bore, is repreſemed in Plan by Fig. 5. where you may ſee that the 
4 | Pivots, or Ends of the Axis, are kept in their Places by ſemi-circular Bridles, 
2 that go over them at C and D. The Section of the ſame Valve ſhut may be 
{ ſeen at Fig. 6. where MBHG repreſents the lower and leffer Half of the 
Valve ſhut, and applied upwards to the under Part of the Bed at QR; and 
LAGH repreſents the bigger Half of the Valve ſhut, and applied down- 
wards to the Bed at OP. K ſhews one of the Bridles pinn'd, which holds 
down the Pivots, or Ends of the Axis. | . 
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Tut ſeventh Figure ſhews the Valve open, and the Manner of its Play. An. 
By obſerving that all the Paſſages is open between QK and BIL, and be- Lect. VIII 
tween PO and MHA, it is plain that here is the greateſt Water - Way poſ⸗ ee 
ſible. Now when the Valve ſhuts, the End BM moves in the Direction of 
the prick'd curved Line M Q, and the End LA ia the Direction of the prick*d Plate 17. 
Line LO. When the Water is coming downwards, it muſt puſh hard on the £8: 7- 
greater Half of the Valve-mark'd GAL, in Fig. 1, 5, 6, and 7. and there- 
by make the Part B H, ſhewn by the ſame Figures, to riſe ; by which means 
the Valve will be cloſe ſhut. But when the Water comes upwards, as it preſſes 
with more Force upon the Surface GA, becauſe it is larger, the Part HB will 
come down, and the Valve will immediately open. | 
Ar firſt, one would imagine, by obſerving the Valves quite upright on 
Edge, that this Valve would not ſhut readily, and fo loſe Water; but its in- 
nious Inventor has remedied that Inconvenience, in the following manner, 
As the Axis (fee Part of it by itſelf in Fig. 7.) is higher than the Plan of the 
whole Valve H G having its Center at I, let the Lines GH, HI, and IK be 
drawn, and you will have the bended Lever GH 1 K, whereby the Part AG 
of the Valve (even tho” it were no greater and heavier, and had not a greater 
Preſſure upon it) acting by the Arm GH, would overpoiſe the other Part of 
the Valve HBM, which only acts by the Arm IK: ſo that the natural Ten- 
dency of the Valve is to be ſhur, but never to open but when the Water acts 
upwards againſt it. This may alſo be confirmed by obſerving, thatif a Line be 
drawn from L to M, the Center of Gravity will be in that Line between G and 
H ; and it is evident from the Inſpection of the Figure, that that Center of Gra- 
vity muſt always deſcend, till it comes to reſt under the Center of Motion I. 
N. B. Warn Workmen can't eaſily be found to make this Valve right, I Plate 14. 
would prefer the Butterfly-Wing Valve deſcribed in the 16th Plate, Fig. 14. Fig: 16. 
both for Piſtons and Sucking or Forcing Pipes. 1 | 


* 


HERE follow Monſ. Belidor's Piſtons or Buckets, which are either lifting or 
inverted Piſtons, as in the 8, 9, 10, and 13th Figures; or Sucking Piſtons, plate 14. 
as in the 12, 13, and 14th Figures. Fig. 8, 9, 10, 
Tux lifting Piſton conſiſts of a ſhort hollow Cylinder CDIK, which has 11, 12, 13, 
at Bottom two Ears, Handles, or Side-Pieces, cut from the Cylinder, as EI. “. 
FK, (ſee Fig. 8, 9, 10, 11.) with an Hole thro* each, which is to receive 
a ſtrong Pin ML (Hg. 9.) to join it to its lifting Rod PN O. This Cylinder 
has a broad Shoulder EE, ſtanding out to ſtop ſeveral Rings of Leather which 
are ſlipped on upon the Cylinder, as you may fee at GH, in Fig. 9, 10, 11. 
There is at the upper End a Male Screw CD, to receive the Female Screw 
AB. Upon the Face or Flat of this Screw is faſtned with ſmall Screws and 
a Leather berween, the Valve above mentioned, which appears ſhut in Fig. 8. 
the Section of the Piſton, and in two other Views cf it in Fig. 9, and 11. and 
open in Fig. 12, 
In the ſucking Piſtons, (ſee Fig. 12, and 13.) the Valves are not ſcrew'd 
to the Pieces that hold and ſqueeze the Leathers here mark'd FG (by AB, 1 
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the former Piſtons) but are here faſten'd between the Handles C, D, ſcrew'd 


Lcd. VIII. on with ſmall Screws upon a Return of the Cylinder. 


18927 


- Q(Fip. 12.) ſhews the Valve upright upon its Bed, H and L the Hollow 
of the Cylinder, and IK che Leathers: The Handle here is at top, with its Rod 
and Center-Pin'; but is very apparent and eaſy to be underſtood from what 
has been ſaid before. | 
- FicvRE 13: repreſents the Piſton. with only one of its Handles at C; the 
other being taken off, the better to ſhew'the Valve upright and in Front at O. 
AB is the Return of the Cylinder, on which the Bed of the Valve is {crew'd, 
and HL the Place of the Leathern Rings. 

F16. 14. ſhews the Piſton look'd upon downwards from the. Center Pin 


| that goes through the Handles. OP, OP, are the Handles traverſed by the 


Center-Pin, but the Rod is off. MM, NN are the Places where the Bed of 
the Rod is ſcrew'd, and Q is the Valve ſhut. You have here two Scales, in 
Diameters of the Barrel of the Pumps in which theſe Valves and Piſtons ate 
uſed, the one larger for the Valves, and the other leſs for the Piſtons. 

VN. B. Theſe Piſtons require to be very exact, turn'd in a Lathe when fitted, 
and the Barrels in which they work to be nicely bored, otherwiſe they will not 


be tight. But if you add to them a thin Leather, folding upwards at AB, 


(Fig. 12.) and another folding downward at FG, they'll do any where, and be 
tight notwithſtanding ſome Irregularities. Such a Leather may be {cen in our 
Force-Pump, Plate 15. 


6. [22,——f it be defired to know to what Height Water will riſe in any 
Pump at every Stroke of the Piſton, it can be found by Algebra; provided the 


Play or Stroke of the Piſton, and its Diſtance from the Surface of the Water, be 


known. | | 

Lr us firſt take the Sucking-Pump, in which it is neceflary to remember 
what has been ſaid before, that when the Bucket has been raiſed, and conſe- 
quently the Water has got up to any Height in the Pipe the Weight of the 


out ward Air is held in Ægquilibrio by a mix'd Column in the Pipe, made of 


Air till a little dilated, and of a certain Quantity of Water. Whence it fol- 
lows, that the dilated Air in the Pipe has a Part of the Weight of the Atmo- 
ſphere, and the Water has the remainding Part; and conſequently that thoſe 
two Weights being expreſſed by way of Fractions of the Weightof the Atmo- 
ſphere, and added together, are equal to Unity, or the Number One. 

Ler us now take twelve Foot for the Diſtance of the Bucket from the Sur- 
face of the outward Water, when it is at the loweſt, and 4 Foot for the Length 
of the Stroke; fo that it moves from 12 to 16; agd let us call x the Height to 
which it has raiſed the Water in the Pipe by the firſt Stroke: Then it is evi- 
dent that the Air which, before the Rifing of the Piſton, was contained in 
BD=12, is now contained in AC=16—x, and conſequently that its Weight 
or Preſſure is : — x of what is was before, that is, of the whole Atmoſphere. 


The Weight of the Water got to x, is = of the Atmoſphere ; ſuppoſing a 


Column of Water 32 Foot high, equal to the Weight of the whole Air: "_ 
I 
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if x were one Foot, it is evident it would be , of ſuch a Column, (and it is Annotat. . 
the ſame of any Height) theſe two Fractions being together equal to the whole Lect. VIII. 
Atmoſphere, gives the following Equation: * | ——ů— 
a - + == 1, then | | 
334+16x—x=512—32 & freeing it from the Fraftion—x* +48 x=128 
by Tranſpoſition. | ED Re: | 
Changing the Signs. x* —48 X= — 128. 15 
x* 48 +575 = 448 compleatiag the Square. Since 
576 — 128 =448 : 
x — 24 = = 21,166 extracting the Roots 
x 22.834 by SubſtraQtion. | 
To calculate the Riſe of Water at the ſecond Stroke, call ic x as before, (it 
is the Height to which the Water has riſen at the ſecond Stroke above the 
known Height to which it roſe at the firſt,) the Equation becomes 
2— ERIE , which after the due Reductio: 
* . uction 
16—2,834—x=13,4606—x 32 * 
makes x = 2,264*, or making x =the Height to which Water has riſen by 


the two firſt Strokes together, the Equation becomes 2 += 1; Which 


16—x 
being reduced, gives x = 5,098, from which Number if 2,834, the Riſe cauſed 
by the firſt Stroke, be ſubſtracted, the Remainder is 2, 264, for the Riſe cauſed 
by the ſecond Stroke as before. The latter Equation has this Advantage above 
the former, that it is more eaſily reduced. It is evident that it will ſerve to 
find the Riſe at every Stroke; only changing the Numerator of the firſt Frac- 
tion, which always is 12 leſs the Height to which Water was riſen before. 
AFTER this Method it has been calculated that the Water riſes 


Addition. 

at the firſt Stroke, 2,8334 
at the 2d. 2,264. 5,098 
3d, ———— 2,023 7,123 
4th, ———— 2,043 . . 9,166 
5th, ———— 2,413. . 11,579 
bth, ———— 3,620 . . 15,199 


AFTER almoſt the ſame way we can calculate what is the greateſt Height 
to which Water can riſe in a Pump, which is not able to bring it to the Buc- 
ket : As for example, let us ſuppoſe the Diſtance of the Bucket from the Sur- 
tace of the outward Water to be 25 Foot, and its Play or Stroke to be three 
Foot, fo that it moves from 25 to 28, and let us call x the greateſt Height to 
which it can raiſe Water. Then it is evident that the Air which was contained 
in 25—x, when the Bucket was down, is contained in 28 leſs x, when it is 


up, and conſequently that its Preſſure is of what it was before, viz, of 


2 
28 —x 
the 


" By a ſecond Trial that Equation x is found = 2,226, and in the latter x = 510. 


Lect. Vin. being — — of the ſame Atmoſ phere, and thoſe two Fractions being together equal 
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the whole Atmoſphere. The Weight of the Water which is got up to #; 


to an \ Interger or Aemoſpheny; we have the OY Equation : 


"28 2 | 

3 + 28 * 1 * . it ng the Paco. 

* —28 x = 96 by Tranſpoſition, and changing che Signs. 

- * -28 + 196 = 100 compleating the Square. 

—14=10 extracting the Root. 85 | 

x = 24 by Addition, or 4 by Subſtraction. | 

T#1s ſhews that there are two Heights, 4 and 24 Foot, to which if the 
Water riſes in the Pipe, its Weight, together with rhe Preſſure of the dilated 
Air in the Pipe, will hold the 9 Air in Æquilibrio. 

Ir the Water was to be poured to any Height between them two, it would 
be too heavy; and in all Heights above 24, or below 4, it would be too 
light 4 Foot is therefore the Height to which ſuch a Pump can raiſe the Wa- 
ter: for tho 24 anſwers as well to the Weight required, as the Water would 
become too heavy at all Heights between 4 and 24, it cannot riſe above 4. 

Tux ſame Rule will ſerve for any other Caſes. 

Tux Riſe of Water in Forcing- Pumps, may be calculated. after the ſame 
Senner by taking the oblique Pipes, as if they were perpe r ones; be- 
cauſe the Direction of them changes nothing as to the Dilatation of the Air. 

Turn is no occaſion for it in the Lifting - Pump, which works merely by 
the Valves, without any Dilatation of the Air, and where the n or we & 
ter at every Stroke, is equal to the n * | 
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HY DROSTATICES. 


1. Body ſpecifically tos than a Fluid, loſes as muck of its Leg. IX. 


Weight in that Fluid, as a Bulk of the Fluid equal to the 


Body weighs; and the Fluid gains as much Weight as the 8 


0 


Body weighed in it loſes. | 
EXPERIMENT I. Plate 18. Fig. 1. 


is a Cylinder of Lead weighing five Pounds and an half, made of 
ſuch a Size as exactly to fill the Bucket, or hollow Braſs CylinderA, which 
Cylinder is a Counterpoiſe to the Weight P p in the Scale B, at the op- 
poſite End of the Balance E F, on which it hangs. The Lead C is 
kept in Æguilibrio by the Weights of P of 5 Pounds, and p of half a 
Pound in the Scale B. Now let the Jar of Water D, filled up to 8 8, 
de kept in Æquilibris in another Balance by W in the oppoſite Scale G. 
Now let C, as it hangs, be brought over the Jar D, and let down into 
it, and the Lead, as it ſinks under the Water, will loſe of its Weight; ſo 
that you muſt take out the little Weight p to reſtore the Lead (now im- 


merged under the Water) to its Æquilibrium: But as by the Immerſion. 


of the Lead into D, as at C, D with its Water will become heavier, you 
muſt put the Weight p, taken from the Scale B, into the Scale G at 
W; by which means you will reſtore the Æquilibrium to D, balancing 
what the Water had gain d. This proves that what the Lead loſes the 
Water gains. Now to prove that the Lead loſes juſt as much as an 
equal Bulk of Water weighs; let the ſar D be fix d, and the Weight p 
left in the Scale B; then the Lead C will not be wholly immerſed in Wa- 
ter, till you fill the Cylinder or Bucket A with Water, whereby the Lead 
will fink to C, ſo as to be covered with Water, which it will raiſe to s 5, 
and its Equilibrium with the Scale B will be reſtored. Thus the Quan- 
tity of Water that filled A, appeared equal in Weight to what the Lead 
loſt; becauſe being added to it, it reſtored it to its Zquilibrium (when 
the Lead was immerſed :) and we have proved it equal in Bulk to the 
Lead before, becauſe the Lead juſt fills the hollow Cylinder A when 
put into it. Now again, let us take the Lead out of D, which being let 
Vo I. II. B b looſe, 
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186. A Courſe of Experimental Philoſophy. 
Lett. IX. looſe, will on the Beam V be counterpois'd by the Weight W in the 
Scale G; then pouring into D the Bucket full of Water A, the Surface 


Plate 18. 
Fig. 2. 


88 will riſe up to s 5, and D become heavier, till it be counterpois'd 
by the Weight p, replaced near W in the Scale G; the Water bein; 


rais'd to the ſame Height by that Addition, as when the Lead was im. 
mers'd in it, whoſe Immerſion did the ſame as encreafing the Bulk of 


the Water in Proportion to the Bulk of the Lead, 


ry _CoroLLARY. 1 
Haven it follows, that what the Water gain'd, was not in Proportion 


to the Weight, but the Bulk of the Lead: and that the Water would 
have gain'd as much by the Immerſion of any other Body of the ſame 


Bulk as the Lead : and that any other Body of the ſame Bulk as the 
Lead, would have loſt as much Weight as the Lead loſt ; not ſuch a 
Proportion of its own Weight as the Lead loſt. | 


CoROLLARY. 2. 


Hexce follows alſo, that if a Body ſpecifically lighter than Water, 
as big as the Lead, be held in it by Force, it will add to the Weight of 
the Water as much as the Lead did in the laſt Experiment. It may 
be thus prov'd ; | | | | | 


| ExPeRIMENT 2. Plate 18. Fig. 2. 
Ler there be a Cylinder C of light Wood, hanging down from a 


fix d Body as GH; the Cylinder muſt be of the ſame Diameter with the 


Lead, but may be much longer, and muſt have a Mark or circular Line 
at c, to ſhew how much of it is equal in Bulk to the Lead. Then let 
the Balance mark'd V. in Fig. 1. (with the Bucket hanging from E, and 
the Scale G at the other End, having in it the two Weights Wand 5) 
be brought to G H and C: the Jar or Glaſs Bucket D, which is now 
over-balanc'd by the oppoſite Weights, will take in the Wooden Body 
C into its Water up to c, and then be in æguilibris with the Weights in 
the oppoſite Scale; which ſhews that the Water gains the ſame by the 
Immerſion of any Body equal in Bulk to the Lead, whatever be that 
Body's ſpecifick Gravity, 


. SCHOLIU M. 
sive the Water that fill'd the little Bucket A, Fig. 1. was equal 


in Bulk to the Lead, and in Weight to what the Lead loft, and the 
Lead loſt the Weight of P which was half a Pound, the whole Lead 


weighing 


— 
e 
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weighing 5 Pounds and +, it appears that Lead is eleven times ſpecifi- Lect. I. 
cally heavier than Water. Now if you ſubtract the Weight of an equal! 
Bulk of Water from the Lead, or 1 from 11, (that is, 1 half Pound * 
from 11 half Pounds) there will remain to, the Weight with which 
the Lead deſcends in Water, and this is called its reſpective Gravity. 
Thus in any Body that ſinks in Water, it is the Weight which a Body 
continues to have in Water, when you have deducted from. it the 
Weight from an equal Bulk of Water, and that it deſcends with. NM. B. 
The Jame may be ſaid of any Body that ſinks in any other Fluid whatever, 
dis. that it deſcends with its reſpective Gravity, 


- * a * . 
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ExrzRIIAENT 3. Plate 18. Hg. z. 


2. Ir a Solid 8, ſpecifically heavier than ſeveral Fluids W W, be Pig. 2% 
weigh'd firſt in Air, and then ſucceſſively in theſe Fluids, it will ſhew 
their different ſpecifick Gravities, which will be in Proportion to what 
it loſes of its Weight in thoſe ſeveral Fluids, that being the heavieſt 
Fluid in which it loſes 'moſt of its Weight. 


— 


z. A Fr ui W W may ſerve to find out the ſpecifick Gravity of any 
ſolid Bodies ſpecifically heavier than itſelf: That ſolid having the great- 
eſt ſpecifick Gravity that loſes leaſt of its Weight, when weigh'd in it. 


2 

** 

* 
* 


4. AFrurp ſpecifically heavier than ſeveral. Solids may ſerve to find 
their ſpecifick Gravities, if they be made to ſwim in it; for their ſpe- 
ciick Gravities in reſpect to each other, will be as their Parts immers'd. 
The Manner of doing this has been already ſhewK®, Led. 4, 
| No. 13., 
5. A SoL1D ſpecifically lighterthan ſeveral Fluids, will ſerve to find out 
their different ſpecifick Gravities ; for it will fink deepeſt in the Fluid 
whoſe ſpecifick Gravity is the leaſt, An Inſtrument made for this Purpoſe 511 1g. 
is called an Hydrometer or Mater-pciſe, and by ſome an Areometer ||. It Fig. 4. : 
conſiſts of a ſmall even Glaſs Tube A B, Fig. 4. hermetically ſeal d, ha- 
ring on it a Scale mark'd of equal Diviſions, with an hollow Ball of about 
an Inch Diameter at Bottom, Fig. 4. and a ſmaller Ball C under it, com- 
municating with the firſt. The little Ball has Mercury or ſmall Shot 
put into it (before the Tube be ſeal'd) to make it fink in Water below 
the Ball; for Example to E, and ſtand upright in the Liquor in which 
it \wims, the Diviſions upon the Stem ſhewing how far it ſinks. This, 
if in common Water it finks to D, in Salt Water it will ſink only to 
E; in Port Wine it will fink to F; and in Brandy under Proof it 
| B b 2 | will 
1 See that Ward in Harris's Lexicon Tecbnicum. £ 
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Lect. IX. will perhaps ſink to B. This Inſtrument of the common Sort is of no 


5 
Plate 18. 


Fig. 4. 


Ann. 1. 


+ Lect. 7. 
No. 14. 


* 


Plate 18. 
Fig. 5. 


the Balance is in the oblique Poſition @ 6. Then putting three Ounces in 


farther d, than to ſhew that one Liquid is ſpecifically heavier than an- 
other; but the true ſpecifick Weight of any one Liquid is not ſhewn 
without Difficulty, by making a Calculation for that particular Hydro- 
meter; which muſt have its Tube truly cylindrick, and not tapering as 
they commonly are. But the worſt is, that theſe Inſtraments will not 
ſerve for Fluids whoſe Denfities are conſiderably different; for if they 
ſerve for Waters and Wines, they will fink to the Bottom in ſpirituous 
Liquors; and if they be fitted for Spirits, the whole Stem will emerge 
below A in Waters and Wines. But if you uſe this only for different 
Waters, or Fluids that differ very little in ſpecifick Gravity, they may be 


made very uſeful. See the Notes, in which a very nice one is deſcrib'd, 


with Improvements upon the Inſtrument *. 


6. We have already ſhewn Þ in our 7th Lecture, that a Body ſpeci- 
fically lighter than a Fluid, if it be placed under the Surface of the 
F bid, will emerge and come to the Top of the Fluid; but we have not 
ſhewn with what Force it wou'd riſe. The Force with which the light 
Body emerges, is the reſpeQtive Gravity of the Fluid compar'd with the 
Body. For if Water, for Example, be 4 Times ſpecifically heavier than 
the Body, it will have its reſpective Gravity 3, whereby the Body will 
riſe with the Force 3; that is, an equal Bulk of Water ſtriving to deſ- 
cend into the Body's Place with' the abſolute Force 4, while the Body 
gravitates downwards only with the Force 1, the Water diſplaces the 
Body, and makes it riſe with the Force 3. | 


ExPERIMENT 4. Plate 18. Fig. Th 


D is an hollow Cube of Tin (or white Iron) of two Inches the fide, 
weighing an Ounce, being 4 Times ſpecifically lighter than Water, of 
which a Cube of the fame Bulk weighs 4 Ounces. AB is an inverted 
Balance, moving round the Center C, fix'd to a Weight to keep it 
from being raiſed out of its Place. EF is a great Jar of Water, fill d up 
with Water tothe Line S 8, on the Surface of which the Cube ſwims, 
ſinking only one Quarter of its Depth; but its under Part is faſten'd 
by a String to the End B of the Balance A B, in ſuch a manner that 
if the other End be pull'd up to bring it to an horizontal Situation, the 
Cube will be brought quite under Water, from d to D. In order to do 
this, let the ſaid Plate E, making equilibrium with the Weight of the 
Scale G of the Balance MN be fo placed, that a String from the under 
Part of the Plate E is faſtened to the End A of the Balance at g, while 


the 


A'Courſe of Experimental Phileſuphy. 


as it 1s leſs beavy than the Water that diſplaces it. 


„„ Wurm the Body Dis loos'd from dhe Balance A By it will tile up 


to the Surface of the Water, one fourth Part remaining under Water, 
and the other three fourth Parts ſtanding upabove the Surface; in which 
Caſe, (as in all floating Bodies) a Bulk of Water equal to the immers'd 
Part of the Body weighs as much as the whole Body: for as the imagi- 
nary Surface under the Cube muſt be preſs'd equally in all its Parts, it is 


the ſame whether in the Place where the Cube is, it ſuſtains the Cube, 


or a Piece of Water equal in Bulk to the immers'd Part of the Cube, 


which will flow into it upon the Removal of the Cube *. But this may , L. 3. No. 


be further illuſtrated by an Experiment. 
EXPERIMENT 5. Plate 18. Fig. 6. 


LeT AB, a ſmall Jar full of Water, ſtand in an empty cylindrick 
Diſh CE, then laying the above-mention'd Cube D on the Surface of 
the Water AB, it will fink a fourth Part of its Bulk, and puſh over the 
Top of the Jar ſome Water into the cylindrick Diſh CE. Removing the 
Cube, the Surface of the Water in the Jar will fall down to @ 6, and 
leave the Space at Top, A 4.4 B, empty. Put the Cube into the Scale F 
of a Balance at d, and pour Water into the oppoſite Scale G, till it æqui - 
ponderates with the Cube. That Water pour d into the Jar, juſt fills up 
the Space Aa B, which ſhews that it is equal in Bulk to the immers d 
Part of the floating Cube, filling up the Place which that Part had 
emptied. N. B. One might 74 have found the Water farc d out into the 
DihCD to be equal in Weight to the Cube; but it does not anſwer ſo well 
in the Experiment, becauſe Allowance muſt be made for the Water flick- 
1% to the Outfide of the Far, and to the Inſide of the Diſh : otherwiſe 
the Quantity of Water fore'd cut, and that pour d in, would be frund ex- 
ev egua eig bing each an Ounce, as well as the Cube in this Expe- 
nent. | | 


CoROLLARY. 


HexCe follows that the Water, which a Ship, Barge, or Boat draws, 
is equal in Weight to the Veſſel with all its Load and Tackling; that is, a 
Bulk of Water equal totheimmers'd Part of the Ship weighsas much as 
tue whole Ship, and all init: fo that it is poſſible for a Barge laden very 


189 
the Scale G, the Cube will be drawn all under Water as the Balance is Le&. 1X. 
brought down to the Poſition A B. Which proves the Aſſertion above. 
N. B. This may improperly be call dᷓ᷑ weighing the Levity, or Levitation of 
a Body. T ſay improperly, becauſe the Body does not riſe as it is light; but 


Plate 18, 


deep, | 


— — 


Fig. 5, and 6. 


and 14. 
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190 A Cburſe of Experimental Philoſopy;. 

Lect. IX. deep, ſuch ava Barge for Corn, to ſwim very well in ſalt Water, and fink 

1 once, when it eomes into freſh Water. If the Barge B (Fig. y) is im- 

Fig. 7. mers d in Water (or draws Water) as far as W W, a Piece of Water, as 

WW, weighs as much as the wholeBarge BZ, and allthe Goods it car- 

ries. Now let us ſuppoſethis Barge to be laden with Corn at Amſerdam, to 

gs to Roi terdam, as much as iti is able to carry, ot till the Water- Line be- 

comes LL ſay, that as ſoon as this Veſſel goes out of the Salt Canals into 

the freſh Water Canals, it will fink down ; becauſe a Bulk of freſh Water 

LZ L, not being ſo heavy as the ſame Bulk of ſalt Water, the imagi- 

nary Surface I S, in the freſ Water that ſupports it, canndt ſuſtain the 

Veſſel, Which is as heavy as the like Bulk of ſalt Water; that is, be- 

tween a zoth and a 4oth Parts heavier: the Veſſel therefore ſnould ſink 

| deeper to have a bigger Part immers d; but being ſuppoſed already juſt 

even with the Surface of the Water, it can fink no lower without tak- 

| . ing in Water, and going to the Bottom. To prevent this, before you 

go out of the ſalt Water into the freſh, ſome of the Lading muſt be 

| taken out, till the Veſſel emerges, (a.3oth Part, for example) and the 

Water-Line becomes m m; then going into freſh Water, the Barge will 

only fink down to LL, and go no lower, the Bulk JZ / of freſh Water 
being equal in Weight to the Bulk AZ u of Salt Water. 


COROLLARY 2. 


Hence follows alſo, that a great Ship will float:as well in a Dock as 
in the open Sea, provided the Dock has the ſame'fak Water. Nay, if it 
was poflible to have the Dock in which the Ship is, to be of the ſame 
Shape as the Ship, with only a Space of g of an Inch round the Ship's 
Sides and Bottom, the ſmall Quantity of Water filling that Space would 
float the Ship; by which means a Ton or two of Water will ſuſtain a 
Ship of 1000 'Ton. This may be illuſtrated by the following 


PEPE — — —— — 
- 


ExeerMenT 6. Plate 18. Fig. 8, and 9. 


Plate 18. Takx the Glaſs Jar A B, which holds about two. Qgarts, and weighs 
Fig. 8, 9. about a Pound, and having put into it the Weight B of two Pounds, 
ſet it a- float in the great Veſſel I K about half full of Water; then ob- 

ſerving how far the Jar A B finks below the Surface of the Water 88, 

make a Mark on it, as 35. Take out the Jar A B, ſtill leaving in it the 

Weight B, and let it down into the Jar C DE of Fig. g. which is fo 

| | little bigger than the Jar AB, as but juſt to take it in, leaving about the 
| 40th Part of an Inch between the Jars, and about two Ounces of Water 
being in the Bottom of the outer Jar, even with the Line L L. The 
Jar A B will fink down in the Jar C DE, till the Water from the 
| Bottom 

I 
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1 
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Bottom riſes up to 43, the Mark in the Jar A B, and there the Water Lect. IX. 
will reſt, and the ſaid Jar float at the ſame Height, as it did in the great 
Veſſel I K, Fig. 8. This ſhews that it is not the Quantity, but the 
Height of the Water which floats the ſwimming Veſſel. This may be 
compar'd to the Water-Bellows * made uſe of for explaining the Hy- * L. 7. No. 
droſtatical Paradox, fee Plate 10. Fig. 1. where Lp, the Height of the pate e 
Water in the Tube Ly I, muſt be multiplied into the Baſe of the Wa- Fig. 1. | 
ter in the Bellows, to find the whole Force of the Water puſhing up- | 
wards ; which is found here by multiplying S8 E, the Height of the, cy- | j 
lindrick Shell, into the Baſe of the Water at E. This Product is equal 
in Bulk to the immers'd Part of A B, and in Weight to that Jar, with 
its contain'd Weight B. | g | 


! 


CoROLLARY 3. 


Hexcs likewiſe may be found a Method for finding the Weight, 
Bulk, and ſpecifick Gravity of any Body ſpecifically lighter than Water, 
be it ever ſo es without meaſuring or weighing the Body itſelf: 
which is done thus. The Body being laid on a full Veſſel of Water, 
drives out a Quantity of Water, which weigh'd, gives the Weight of the 
Body. The Body puſh'd down, ſo as to be immers'd in the Veſſel full 
of Water, drives out a Quantity of Water, which meaſur'd, gives the ſo- 
id Contents of the Body, Then as the Weight of the laſt Quantity of 
Water: is to the firſt ; : ſo is the ſpecifick Gravity of Water: to the 
ſpeciick Gravity of the Body. | 

Tursx Confiderations naturally lead us to that Propoſition which is 
call'd Archimedes's Propoſition. 


8. IT is reported, that Hiero King of Syracuſe, having given a Work- 
man a certain Quantity of Gold to make him a Crown, the Workman 
allay'd the Gold with Silver, (as it was neceſſary to allay it either with 
Silver or Copper) but put in a greater Quantity of Silver than was need- 
ful, cheating the King of ſo much Gold. When the Crown was brought 
home, the King ſaw he was cheated, and wanted to know how much; 
but, as he liked the Workmanſhip of the Crown, he was unwilling to 
have it melted, or any way defaced ; therefore he defired Archimedes 
to ind out how much Gold, and how much Silver was in the Crown. 
Archimedes having a long time ſtudied in vain how to ſolve this Difficul- 
ty, at laſt found it out by chance; for going into a Bathing-Tub that 
was full of Water, he obſerved that the Water that his Body forc'd to 
run over, muſt be equal to the Bulk of his Body, and therefore that he 
might find the Bulk of the Crown (which was the firſt thing he want- 

ed) | þ 
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Le}; IX. 


1 


Coon — 
Plate 18. 
Fig. 10. 


4 a, of Experimemel Philaſaply 


ed) b plunging it in a Veſſel full of Water, and meaſuring the Water 
ſpill'd. He was ſo pleas d with this 'Thought, that, forgetting he was 
naked, he jumped out of his Bath, and ran about the Houſe, cryin 

out lun, kg, {T baue found it) as ſome affirm, who are pleaſed when 
they can ſhew that Mathematicians and Philoſophers are often abſent : 


but others ſay that he offer d a Hecatomb to Jupiter, for having inlpir d 
him with the Thought. But thus he proceeded in his Enquiry, :4 


Ann. 2. 


took a cylindrick Veſſel, as A B, (Fig. 10.) big enough to hold the 
Crown, and Water above it; and having fill'd it up to a certain Mark, 


as WW, and made other Marks from thence upwards, to know how 


much, or what Quantity of Water ſhould be rais d above W W, by im- 
merging Bodies in the Water, (which was a better way than making the 
Water run over the Top of the Veſſel, which could not, when thus ſpill- 
ed, be ſo exactly meaſured:) then having made a Ball of Gold G, exactly 
of the Weight of the Crown, and likewiſe a Ball of Silver 8, exactly the 
Weight of the Crown, he conſider'd, that if the Crown were all of Gold, 
the Ball of Gold would be of the ſame Bulk as the Crown; and there- 
fore being immers'd, would raiſe the Water juſt as high as the Crown 
immers d: but if the Crown were all of Silver, the Ball of Silver being 
immers'd, would raiſe the Water no higher than the Crown immers'd : 
and if the Crown was of Gold and Silver mix'd in a certain Proportion, 
that Proportion would be ſhewn by the Height to which the Crown 
would raiſe the Water higher than the Gold, and lower than the Silver. 
Accordingly, letting down the Gold Ball into the Water that ſtood at 
W W in the Veſlel, it rais'd up the Water to g g, the Spacegg WW 
containing, for example, a Pint of Water. Then taking out the Gold, 


he put in the Silver, which rais'd the Water to s s, the Space s WW 


containing two Pints of Water. Then immerging the Crown, it rais'd 
up the Water to cc, the Space cc WW containing a Pint and a half. 
Having made his Obſervations, he reaſon'd thus: If the golden Ball 
raiſes a Pint of Water, and the Silver Ball two Pints ; Half the golden 
Ball will raiſe half a Pint, and half the Silver Ball a Pint : then putting 
together half the golden Ball, and half the Silver Ball, they will jointly 
raiſe a Pint and an half; but the Crown raiſes a Pint and an half; there- 
fore the Crown muſt be half Gold and half Silver. How to do this, let 
the Proportion of Gold and Silver to each other be what it will, will 
be ſhewn in the Notes “. 


9. Ir two Bodies ſpecifically heavier than Water, but of different 


ſpecifick Gravities in reſpect to each other, are in æguilibris in the oo 3 
| W 
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when let down into Water, they will loſe their Æguilibrium, chat Body Lett. Ix. 
ee Was has the greateſt ſpecifick 2 we | RS NL) — k 
| 
| 
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Luer us 0 0 it is N 'd to 12 on much 7750 is needful to join 
to make it of the ſame rock 
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em will be 
ſolv'd by the loi Operittols: mA rot the oy ei ft bf the heavy 
Body (viz. the human Body) by the Number expreſſing its Bulk, and 
ſubſtract that Product from the Product of the W Hein of the ſaid Body ; 
and divide that Difference by the Difference between the Bulk of the 
Cork, and the Halt. of the \ ter; and you will haye the CY of 
Cork required, pan bode hy 
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pd i a greater Weight of the fame Cork 0 added 10 z eh a an 
human Body, it will never fink. | we” 
5 101.806 SALRIDT JHA I SILOTLO VEL. .1 
) 1910} 204.44 Das] 06-1609 5 
Ir the human Body del imer hs Warpe d up to the Neel 
when the Experiment. is made to inveſtigate its ſpecifick' Gravity, and 
a Piece of Cork be found ſufficient to make it buoyant in that Situation; 
this Problem may be of uſe to find the neceſſary Weiglit ef Cock to | 
make. proper Cantrivances to learn the Art of Swimming. See the 


Notes % where this Problem is ole q eee two, e . Annas A 


Exbixtbient * Plats 18. Fig. 43. *: 
To the String fix UN bez Hook Vof the Scale B of a dae ang Plate 18. 
G a round Plas of cad, and tothe String from the othet Scale A hang big A UN 
„a round Plate of Braſs, if of the fame Didinetet af the Lebe, 50 
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194 A Guutſe of Eaperimemta Philaſophy.. 
Left. IX. thicker, that it may weigh as much as the Lead. When you let them 
doo into the two Jars of Water E, F, the Lead g will preponderate. 
But now if you reſtore the Aquilibrium by adding Weight in the Scale 
A; the Zquilibrium will be loſt sgain as ſoon as the Bodies are brought 
out of the Water into the Air. ro NA ee 


Koe 1 
J 


11. Tris ſhews that Bodies of different ſpecifick Gravities counter. 
pois'd in any Fluid, loſe their A whbrium, that which is ſpecifically 
lighteſt ever-weighing when temoy d into a lighter Fluid, or a Vacuum“. 
12. 1x inſtead of Lead and Braſs g be a good Guinea, and b.a bad 
one, Which weighs as much, and therefore would deceive you when 
try'd by the common Gold Scales, (and if it be of baſe Metal plated 
with Gold, it will alſo deceive upon the Touch-ſtane) when the Gui- 
neas are let down into the Water, the good Guinea Will over-weigh : 
becauſe as the bad Guinea has more Bulk, being made thicker, (other- 
| wiſe it would not be en to. paſs in the Gold Scales) ĩt muſt 
| loſe more of its Weight in Water than the good one. 1 
| _ From the ſeveral foregoing Conſiderations, it follows, that the 
| Weights that we commonly uſe ate not really What they are call'd ; 
| becauſe as Air rehiſts,, what we eall a Pound in the Air, is a Pound and 
| io much mote as an equal Bulk of Air wiede that is, if a Pound 
in a caſt Braſs Weight was in Yacus, it would weigh one Pound and 
one Grain; becauſe a Grain of Air is equal in Bylk to-3-+ cubick In- 
ches, which is the Bulk of a Pound Weight in caſt Braſs: and that 
Grain is added to overcome the Reſiſtance which the nominal Weight 
Ann. g. loſes in the Air . The ſame is true of all other Weights ; but that 
Nicety is, overlook'd in common Uſe. % deen, 1 0 


Ann. 4. 


13. Tur Hydroſtatical Balance is an Inſtrument contriv'd for putting 
in practice what has been ſhewn, and explain'd in the foregoing Pro- 
poſition, with which: the proper Experiments may be made with great 
Speed. and Accuracy, for making the hydroſtatical Compariſon of Solids 

15 with each other, of Fluids with each other, and of Fluids with Solids. 
Pliers, This Inſtrument conſiſts of the following Parts, repreſented by the Fi- 
Fig. 12. 22, ein, 12: Ihe to 00 ERERI Ret es as ISS at to 
. Fig. 12, A B is a nice Balance turning with a ſmall Part of a Grain. 

This Balance has a long Examen D, by which one may the more eafi- 
ly perccive when the Balance is horizontal, and the Bodies weighed in 
@ ibi. En f . bs. 3; 4.420 8 p i OED Lis? 
Ann, 6. 740 the little Scale 8, by an Horſe- Hair „ hangs underneath it the 
Glaſs Bubble O, which muſt be ſpecifically heavier than any Ede, 
— Ws. 1 


"I 
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except Mercury. At A, the oppoſite End of the Bram, hangs a Braſs Le&. IX. 
Scale E, which is 4 Counterpoiſe to the Bubble G, when it hangs im 
mers d in Waterz but hen the Bubble hangs out of the Water, a Weight 
muſt be laid on E to keep it in guilibrio, which Weight will be equal 
to what the Bubble loſt in Water; that is, to a Bulk of Water equal to 
the Bubble, which Water we will here ſuppoſe to be Rain Water, and Plate 18. 
to weigh 1000 Grains. The Jar I. in which the Babble hangs in ægui- Fs. 12. 13. 
librio, when it is filld with Rain Water, ſetves to put in ſucceſſively any 
Liquor, whoſe ſpecifick Gravity you would find out. It is no matter 
bow big, or how little the Jar I is, provided the Bubble can deſcend 
freely in it without touching the Sides; becauſe of every Liquor that we 
try, we only compare a Bulk of one Liquor equal to the Bubble with the 
xe Bulk of another Liquor. For example, if we fill I with red Port 
Wine, the Bubble will uk till we reſtore its Æquilibrium, by putting 
10 Grains in the Scale E, which ſhews that Port Wine is lighter than 
Rain Water 10 Parts in too, or one Hundredth Part, If 1 had been 
61l'd with Proof Brandy, 77 Gtains muſt have been plac'd in E to have 
reltor'd the /Equil;brium, becauſe Brandy (or Proof Spirits) weigh 77 
Parts in 1000, or Vr leſs than Rain Water. But in a denſer Medium G 
would riſe; for example; if I be fill d with Sea Water, the Bubble be - 
coming too light, 26 Gtains muſt be put into the Scale 8, to reſtore the 
Æguilibrium, which ſhews that Sea Water is 26 Parts in 1000: of {+ 
heavier than Rain Water; or that there muſt be 1026 Quarts of Rain 
Water to weigh as much as 1000 Quarts of Sea Water. 

Ix order to find the ſpecifick Gravity of Solids, and to compare them 
with each other, and with Water, or any other Fluid, you muſt make 
uſe of the Parts repreſented in Fig. 11. 

K is a Glaſs Bucket, inwhich are to be plac'd the Solids to be weigh'd, 
which, together with its ſuſpending Piece H, is in æpuilibrio with the 
avove-mention'd counterpoiling Scale made uſe of before 
3 Balance ADB is the ſame as in Fig. 12. moveable on its 

enter C. 1 M i ' Eve 8 7 f 

Havixd weigh 'd the Solid in Air in the Bucket, putting its counter- 
poiing Weights on the Balance E, write down its Weight; and then 
weigh it in Water, to find how much it has loſt of its Weight: but be- 
cauſe not only the Solid to bo tty d, but the Glaſs Bucket itſelf will loſe 
of its Weight, when immer d i Water, ycu muſt reſtore to the Bucket ' 
the Weight that it loſes by being/immers'd, that the Body in it alone 
may be -exatmin'd ;- and this is done by. help of the Piece F, which 
weighs juſt as much as a Hulſt bf Water equal to the Bucket, and being 
lipp d on the 'ſoſpeidihg Pizce at H, it not only reſtores to the __ 

Cc 2 what 
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what it had loſt by being immers'd in Water, but takes a Seale to re- 
ceive Weights to reſtore the Equilibrium to the Solid contain'd in the 
Bucket, and ſhew how much it has loſt of its Weight in Water. Pig. 
7 5; ſhews the Bucket immers'd in Water in the Jar I, with its additional 


Scale F ſlipp'd on the ſoſpending Piece . 


Plate 18. 
Fig. 15. 


| © 0... EXPERIMENT g. Pate 18. Fig, $3 We. 
A GvixEa, and all the Standard Gold, is about 18 times heavier 
than Water. Now to examine a ſuſpected Guinea by the Hydroſtatical 
Balance, firſt weigh it in Air in the Bucket; and it will weigh 129 
Grains, which are plac'd in the Scale E; then having put on F over H, 
and the Bucket with the Guinea in it into the Jar I, (Fg. 1 5.) the Buc- 
ket will riſe a little out of the Water, on account of hat the Guinea loſes; 
but putting 7 4 Grains into the Scale F, the Æquilibrium will be reſtor d. 
7 + Grains are the Weight of a Bulk of Water equal to the Guinea, 
(which it loſes in Water) and dividing 129 (the Grains in a Guinea) by 
7%, it will be contain'd in it nearly 18 times, which will ſhewy the Piece 
to be Standard Gold, becauſe Standard Gold is near 18 times heavier 
than Water: and if you ſubſtract 74 Grains from 129, you will have 


121+ Grains, or the Proportion of 17 to 1; the reſpective Gravity of 


the Guinea, or the Weight with which it will defcend in Water. If 
the Guinea had loſt 8 Grains or more, that would hade ſhewn thè Guinea 
to have too much Allay; that is, not be of Standard Gold; but if it had 
loft but 16 Grains, that would have ſhe ven the Guinea to have been 
of fine Gold, without 'Allaydo vt eh e ee eee 
Ex ERIMENT 9. 5 wal 
_ In the ſame manner, if you weigh a Piece of Silver in the Air, and it 
weighs, for example, 100 Grains, then having weigh'd it in Water it 
loſes 10 Grains, you find it to be 10 times ſpecifically: heavier than Wa- 
ter, and its reſpective Gravity as ꝙ to 1. Thus may be compar d Ores; 
that being the richeſt, which loſes leaſt of its Weight in Water. N. H. 
Where many Bodies are to be weigh'd bydreſtatically, a is beſt to weigh 
them all in the Air ſucceſſively, and ſet down their Maigbts, before you 
begin to weigh them in Water, ' becauſe it woiuld be troubleſome'to dry the 
Bucket every time. Care al/o muſt be taken, that no Bubbles\of Air ad- 
bere to the Bodies weigh'd in Water, which would-make them lighter. | 
I Have added-a Contrivance to this Machine to make it more nice, 
as may be ſeen in Fig. 14. 5s are three Screws. to ſet the Foot and 
Stem upright, and O M is a String and Plummet, whoſe Point hanging 
over M, ſhews when the Piece PC is truly vertical. There isa _=_ 
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EO, which has a Slip to compare with the Examen D of the Balance Lect. IX. 
playing in ie Nezches CG. ro -. | 


14 THERE is another way to find the ſpecifick Gravity or Denſity 
of Fluids; that is, by making them preſs againſt each other in a recurve 
Tube, ' becauſe when their Preſſures are equal, their Denſities will be 
inverſely as their Heights. = 

 ExPERIMENT 10. Plate 18. Fig. 16. g 

Poux Mercury into the curve Tube A, fo as to fill the lower Part of Plate 13. 
it from 4 to c, then pour in Water in one Leg from 4 to e, and in the 13 * 
other Oil of Turpentine, till both the Surfaces of the Mercury 6c, be of 
the ſame Height, which will be when the Oil is up at c. Now theſe 
Heights be and cd, being found to be as 87 to 100, will ſhew the in- 
verſe Ratio of thoſe Fluids; that is, That the Denſity of Water: is to 
the Denſity of the Oil of Turpentine: : as to 100 1 — Height of the Oil 
of Turpentine) : is to 87, (the Height of the Water.) N. B. This 
may alſo be deduc d from what was ſaid in Lect. 7. No 11, 12, and 13. 


n eee enen 

HERE we muſt take care not to make a Miſtake, and think, that 
becauſe in this Experiment the Bulks of the Fluids being inverſely as 
their Denſities, and conſequently their Quantities of Matter equal, it 
follows, that to have an equal Preſſute upon the Surfaces of the Mer- 
cury, the Quantity of Matter in the different Fluids muſt be equal. It 
only happens ſo when the two Sides of the Tube have the ſame Bore ; 
therefore we muſt not draw a general Concluſion from this particular 
Caſe; for the Mercury will be equally preſs d, (by altering the Bore 
of the Tube) when the Fluids have their Bulks equal or unequal in 
any Proportion, It is the Heights that muſt determine the reſpective 
Denſity of the Fluids, which they will always inverſely repreſent, the 
Preſſure being always as thoſe Heights, as has been ſhewn *. See Fig. thx 7. 5 
17, where the Bulk of the Water is equal to that of the Oil; and Fig. 11. 
15. where the Bulk of the Oil is 10 times greater than that of the 


Water. 


The 
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Te following T ABLE of. the different ſpecifick Gravities of fever eral 
Solids and Fluids, is calculated from Experiments accurately made 
_ with the Hydroftatical. Balance. © NT Rn, 3! 
' A'Cobick Inch fr | |. | Weights in | | In Outces|; | 
| Ounc "roy. | Averdupoids. 


Weight of the Sabtance, 

Fine Gold — 110.3392735 11,365602— 19039 
* 

| 


Standard Gold —— | 9,96262;=|10,930422— 887 
13999 


Quick-filver —— | 7,3844711 8,101753— 
Lead — — 5.984010 6,55 3885—) 11325 
Fine Silver —— 5.85005 6,418324—]: 1100 
Standard Silver ——| 5.55679 |, 6,096569—1 10534: 
Roſe Copper 4.747121 5,208369— 9 
Plate Brass —— | 42404273=| 4,832116— 3344 
Caſt Braſs — | 4.272409 4, 63030 — f 800 
Stee!— — ] 41421272] 4, 54450 — 7833 
Common Iron — | 4,0391361=| 4,422979— 7642 
Block Tin — ——| 3,861519=| 4,236636— 7320 
Diamond — | 1,793357=| 1,834536— 3400 
Fine Marble | 1,429411=| 1.68839 2710 


Common Glaſs —— 1 1,360841=| 1,49% % 2579 
Alabaſter —— —— | 0,9884562 1,084477— 1873 
Dry Ivory —— — , 962083 1,055542=] 1823 
Dry Box Wood —— o, 343282, 396037) —] 1021 
Sea Water — 0,5427 42 0, 9489 4—] 1037 
Common clear Water 0,5327458 o, 57869 —| 10000 


Red Wine —— —— 0,5237662 0,574646—| 992 
Proof Spirits, or Brandy | 0,489268= 0,536796—| 927 
Sound dry Oak ——| o, 489008 =, 336569 — 927 
Lint-ſced Oil — | 0,491591=|. ,39345— 931. 
Oil Olive —— ——| 0,481569= 0,5 2 „ 21. 
Air —— —— 7of a Grain= | . 
or o, ooo s 0,000667—1 or 0,285 Grains. 


Tno' the Uſe of this Table is obvious from what has been ſaid, yet as 
my Deſign in this Courſe is rather to be too circumſtantial than leave any 
thing unexplained, I ſhall give an Example or two of its Application. 


1. SUPPOSE the Flat of a Roof of an Houſe is to be cover'd with 
Lead of the Thickneſs of the 1oth of an Inch, (the Length being ao Foot, 
and the Breadth 3 5) it is requir'd to know what the Lead will weigh that 
is requir'd to do it. Firſt find the Area of the Roof, which is 1400 


ſquare Feet, (becauſe 35 x 40 = 1400) then conſider ing that 47 ang 


a | 
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Foot, which contains 144 ſquare Inches, is but + of aàn Inch thick, it Lect. IX. 
muſt be divided by 10, to give its Contents in oubick Inches; that is 144 ; | 
and finding in the Table 6,5 53885 for the Weight of a cubick Inch of 

Lead, multiplying it by 14,4 to have 94,376912 for the Weight of one i 
{quare Foot of the Lead requir'd, which again multiplied by 1400, you + ll 
will have 132127,0768 Ounces Averdupoids, which make 68 Hundred 
three Quarters and fix Pounds, for the Weight of all the Lead. 

Ir you would know what would be the Weight of Coppet r of an 
Inch thick to cover this Roof, you will eaſily find it by two eaſy Opera- 
tions of the Rule of Three. | * 

As 11325, the comparative ſpecifick Gravity of Lead: 
To godco, the ſpecifick Gravity of Copper : : 
So is 68 C. and 2, and 61b. or 68,812 
To the Weight of Coppet as thick as the Lead; or 54,78 Hund. 
Then as the Copper is but + of an Inch thick, I ſay, 
As xs of an Inch: | 3 
Is to 2. :: | 
So is 54.78 Hundreds: | 
To 22 Hundred 3, and 7 Pounds. | 
If you would cover this Roof with Oak; an Inch thick, I ay, 
As good, the ſpecifick Gravity of Copper: 
To 927, the ſpecrfick Gravity of dry Oak: : 
So is 22 C. à, and plb: 
To 2,35 C. or 2 C. 1 Quarter, and 11 lb. 
But as the Oak is 24 times thicker than the Copper, this Number muſt 
de multiplied by 24, fer the Weight of the Oak, viz. 56 C. 1 Quar- 
ter, 16 | a ö 

Having ſome Years ago made ſome Experiments at Bath with Dr. 
Oliver upon the ſpecifick Gravities of the Waters; I have, at the Deſire 
of ſome Friends, ſubjoin'd them here. 

The Bubble of my hydroſtatical Balance weigh'd in Air 2035 Grains. 
In New-River- Water 1260 


Bulk of Water = to Bubble — — — 775 

The Bubble in the following Waters weigh'd more or leſs, as below. 

In Rain + Gr. leſs. 
Hot Bath unſeal'd, 1 Gr. + 

King's Bath unſeal d, + 1 4. 

Hot Bath ſeal'd at the Pump, + 1. 
King's Bath ſeald at the Pump, 1 1. 
Hot Bath hot from the Pump — 3 + Gr. dy 
Briſtol Water, + + Gr. | Reade 


2 yy — —3 ſ — — 


Lect. IX. Noade Water I Gr. 


Plate 19. 
Fig. 1, 24 3. 


ſiſtance of the external Air, and all things are at reſ. 
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Holt Water + 2 r. 
| Broughton Water +4 Gr." 
King's Bath hot from Pump - 32 Gr. 
Col Bh T Gr. 


/ the Attion of Air upen Water by Condenſation and Rargfacliom in ar- 


ttficial Fountains, and ſome other Machines. 


ExpERIMENT . Plate 16; Fig. 1. 


. 15. Tur Bottle A full of Holes at the Bottom dipp'd in Water and 
half fill'd, the Water will not run out again, if the Thumb be held on 
its Mouth B. The Reaſon is, that the external Air preſſing againſt the 
Holes as much as the Air in the Bottle puſhes upon the Water; the 
Water can't fall without rarefying the Air in the Bottle by augmenting = 
its Space: then it would be too weak for the external Air puſhing 
againſt it; but if the Water had ſome Depth, ſuppoſe a Foot, as from 
W to X the Bottom of the Bottle, it would begin to run till the Air 
was rarefied +; Part; becauſe as an Height of Water equal to 32 Foot, 
has as much Force of Preſſure as the Air, (whether it acts by its Spring 
or its Weight) the Height of one Foot of Water is equal to r Part of 
the Force of the Air, and this added to the Force of the Water in the 
Bottles makes it , Part ſtronger in Force, than the outward Air that 
reſiſts to the iſſuing Water: But when the Air in the Bottle has encreaſ- 
edits Dimenſions : Part by the loſs of To much Water, it has loſt r 
Part of its Force, which being ſupplied by the Preſſure of the Water, 
added to its own diminiſh'd Preſſure, it is in æguilibrio with the Re- 


| ExpERIMENT 10. Plate 19. Fig. a, nd q. 
16. F1LL the Glaſs Jar AB, holding about a Pint, nearly full of Water, 
and having cover'd its Mouth with“ a Piece of Paper as dc, pteſs the 
Palm of one Hand hard on the Paper, whilſt with the other Hand H 
you overturn the Glaſs; then (when the Paper due is in an horizontal 
Poſition under the Mouth of the invetted Glaſs) the Preſſure of the 

Air upwards will keep the Water ſuſpended; which it wou d not do 
without the Paper, becauſe the whole Column of Water becoming one 
Body, acts uniformly on the reſiſting Air, whoſe Action upwards 1s 


. juſt equal to the Action of the Spring of the Air above AB, together 


with the Weight of the Columns of Water between A B and dc. Now, 
if the Paper was away, the Water wWou'd not be ſuſtain d, 8 2 
* r en 1 0 
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wou d be next to impoſſible to hold the Veſſel ki even, as to have all Lect. IX. 
the Columns of the Water of the fame Height; which wou'd occaſion Cn 
ome of the Water to come down on one fide as BC, whilltthe reſt of the pig. 3. | 
Water went up at d A. But the Bottle of Fig, 3. won't ſpill its Water, if . | 
it be inverted and the Mouth / is hortzontal, provided the Mouth be = 
narrow. - For if a Drop of Water being fappoled* between and /i the 
Attraction of Coheſion reaches from # and / to that Drop, there will 
be form'd'a Skin of Water inſtead of the Paper in the other Experi- 

| ö n. 32 RAe rein iu d 2 
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ment. at 1 > hf : 
N. B. Ir the Mouth of the Bottle be hut à quarter of an Inch Diame- 
ter, the Water will not run out, tho' the Bottle ſhould be inclin d. But 
if the Bottle's Mouth be of near three quarters of an Inch Diameter, it 
will only hold Water, hen it is inverted in an erect Poſition; becauſe 
if the Surface of the Water in the Bottle, inſtead of being in the Line 
"4b, ſhou'd be in the Line a6, the Air puſhing up againſt the Mouth 
, would be ated upon unequally by the Columns of Water at 4 
and at /; that it wou d yield at / to the Columns r; but overmore 
the ſhorter Columns at e; fo as to rife into the Bottle at 4, whilft _ _— 
the Wafer came out at e. rng netten Seeing "a + | 
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17. Hence it appears why the artificial Fountain of Plate 19. Fig. 
4. (which may be ſet up on either of its Ends) after it has plaid out 
all its Water in a Jet thro” the ſpouting Pipe E, plays again afreſh thro' 
the Spout I, when you have.turn'd it over like an Hour-Glaſs; and fo 
* as often, as you pleaſe. A little Attention to the Figure will ſhew the 
Make of it. The Water contain'd in the Cavity AFH' runs down the 
curve Pipe C DE, and ſpouts up thro” the Jet E by the Preſſure of the 
Column of Water, CD. But unleſs the Pipe G F was open at G, 
to let the Air run up to F, and preſs at top of the Surface of the 
Water in the Cavity A, the Water could not run down and fpoutatE. 
There is ſuch another Pipe as G F at K, belonging to the Cavity B, 
thro' which the Water of the Jet receiv'd in the Baſon ſupphes the 
Cavity B, whilſt the Fountain ſtands on the end B; but when the Foun- 
tain is inverted, it ſupplies B with Air to let the Water deſcend in the 
Direction G H 1, I becoming the ſpouting Pp. nnn, 


Ll . 5 3 


18. UPon theſe Principles depends alſo the alternate running and 
ſtopping of the Fountain of Command of Plate 19. Fig. 5. CAE is a 
Receptacle, or Veſſel of Water cloſe from the Air's Entrance, except 
thro' the Pipe G F, when the Cock C (by which it was filled) is hut. 
There is another Pipe EDHB which goes from the Bottom of the Wa- 
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e e ee by the Cock H, At 
JJC is « ſaoall Hole at bo It the 
Water of the aon DB run into. the Baſon G H under it: there is 


alle a ſmall triapgular Hole or Notch in the Bottom of the Pipe F G, 


gt G. Turn the Cock E, and the Fountain will play for ſome time, 


; ht 7 e gan alternately for ſeveral times together. Know- 
IC, vat 


| coming, down. the Pi 


ing thoſe, Times of i 
command it to play or ſtop, Which has given it the Name of Fountain 
of Command. The Cauſe, of playing and ſtopping is this: The Water 
.the Pi * EDHB wou'd not come out at B, for the Rea- 
ſons. before given, if the Air 8 S above. the, Water was not ſupplied as it 
dilated; No it is ſupplied by the Pipe G F, Which takes it in at the 


playing and ſtopping a little beforehand, you may 


Noteh G, and delivers it out at F; but after ſome time the Water 
_ which: has ſpouted out at B, falling down.into the Baſon DB, riſes high 


enough to come, above the Notch G, which ſtops the Paſſage of the 
Air, ſo that the Air 88 above the Water in the Veſſel CAE cannot 


1 4 . 


' ſufficiently preſs for want of 4, Supply, and the Fountain ceaſes playing. 


” . 


This is eaſily ſeen by obſerving the Surface of the Water at & Now 
the Water of DB runs down into the lower Baſon HG thro' the Hole 


20, As here the Air is compreſs d by a Syringe, in the Fountain, 
ero of Alexandria, the Air being on 

0 | H of Alexandria, the Air being only 

e conceal'd Fall of Water, makes a Jet, which ſeen 


for 


A Courſe e, "Experimental Philoſophy. og 
for a while, is look id upon as a perpetual Motion by the Ignorant,' who Lect. IX. 
think that the ſame Water that fell from the Jet riſes again. Pe 
Tus Boxes CE and DI X being cloſe, yon fee: only the Baſob Fig. 2. 5. 3 
AB W, with a Hole at W, into which the Water ſpouting out at B bs 
falls; bot that Water going down the Hole W. does not come up again 
at W, as it ſeems to the Ignorant for it runs down thro' tlie Pie 
WX into the Box DVX. from whence it drives out the Air thro' the 
aſcending Pipe V Z into the Cavity of the Box CE, where preſſing up- 

on the Water that is in it, it forces it ontithro? the Spouting- Pipe O, 

as long as there is any Water in CE; ſo that this Whole Play is only 
whilſt the Water contain'd in CE having ſpouted out, falls dawn thro 

the Pipe WX into the Cavity of DVX. The Force of the Jet is propor- 
tional to the Height of the Pipe WX, or of the Boxes CE and DV 
above one another. The Height of the Water meaſur d from the Baſon 

AB W to the Surface of the Water in the lower Box DVX is always 
equal to the Height meaſur d from the Top of the Jet to the Surface 

of the Water in the middle Cavity at CE. Now, ſince the Sutface 

CE is always falling, and the Water in D always riſiug, the Height 

of the Jet muſt continually decreaſe, till it is ſhorter by the Height of 
the Depth of the Cavity C E, which is emptying, added to the Depth 

of the Cavity D V which: is al ways filling and when the Jet is fallen 

ſo low, it immediately gives over. N. B. The Air is repreſented by the 
Points. The way to prepate this Fountain for playing (which is gene- 
rally done privately before it be expoſed to View) is this: Firſt, pour 

in Water at W, till you haye filled the Cavity DX; then turn the 
Fountain over, and the Water will tun from the Cavity DX M into the 
Cavity CE, Which you will know to be full, when the Water runs 
out at B held down: Set the Fountain up again as if nothing had, been 
done to it. When you wou'd make it play, pour in about à Pint af 
Water into the Baſon ABW, and as ſoon as it has filled the Pipe WX, 

the Fountain will play, and continue to do ſo as long as there is any Wa- 
ter in CE. You may then pour back the Water left in the Baſon ABW 
into any Veſſel, and invert the Fountain, which being ſet upright again, 
will be ſet a playing by putting back the Water pour d out into ABW. 


and ſo torres quaties. 2 
wal 8 | 4 5 bY. 
21. Tur Fountain of Fig. 8. is upon the ſame Principle and of the 
ſame kind; but having double the Number of Pipes and conceal'd. Ca- 
vities, it plays as high again. You muſt examine Fig. 9. to ſee its hid- 
den Cavities and P ipes. The Baſon is A; the four Cavities are B, C, D, | 
and E, from which the: Water „ Pipe E G ſpouts up to * 
| Dd 2 ns + 


OR 
Led. . 
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the Leight of the Fountain, the Air at E which drives it being doubly 
condens d. The Water going down the Pipe 1; (ſuppoſe it to be 3 Foot 
long) condenſes the Air that goes up into the Cavity C thro the Pipe 
2, ſo as to make it e ſtronger than the common Air: then the Water 
which falling in the Pipe 3 from C to D, is capable by the Height of 
its Fall to condenſe the Air at E, fo as to make it g ſtronger, being 
puſh'd at C by Air already condenſed into = leſs Space, cauſes the 
Air at E to be condens'd twice as much; that is, to be + ſtronger than 
common Air, ſo that it will make the Water at G ſpout out with twice 
the Force, and go to twice the Height that it would do, if the Foun- 
tain had been of the Make of the former. d 1 | Z 


Tux way to prepare this Fountain for playing, is, to tarn it upſide 


down, and taking out the Plugs g, b, to fill the two Cavities C and E; 
and having ſhut the Holes again, ſet the Fountain upright, and pour ſome 
Water into the Baſon A, and the Jet will play out at G. But the Fountain 
will begin to play too ſoon. So that the beſt way is to have a Cock in the 
Pipe 3, which being open whilſt you fill the Cavities Cand E, andthen ſhut 
again before you ſet up the Fountain again, will keep the Water thrown 
into the Baſon from going down the Pipe 1, and that of the Cavity C 
from going down the Pipe 3, by which means the Fountain will not 
play before its Time, which will be as ſoon as you open the Cock. 
Sang . he end a Tru rt 
22. ANOTHER way to make Fountains, is by the Rarefaction of Air 
in the following manner. A B and CD are two Pipes fix d to a Braſs 
Head C to ſcre into a Glafs Veſſel E, which having a little Water in it, 
is inverted till the Pipes are ſcrew'd on; then revetting it ſuddenly, fo as 
to put A the lower end of. the Spouting-Pipe A B into a Jar of Water 
A, and the lower End of the deſcending-Pipe C D into a receivin 
Veſſel D, the Water will ſpout up from the Jar A into the tall Glas 
Veſſel E, from which it will go down at the Mouth C, thro' the de- 
ſcending Pipe CD into the Veſſel D, till all the Water is out of A (ma- 
king a Fountain in E) has emptied itſelf into D. n 
Tur Reaſon of the Play of this Fountain is this: | | 
Tux Pipe CD being 2 Foot 9 Inches long, lets down a Column of 
Water, which rarefies the Alt + Part in the Veſſel E, where it preſ- 
ſes againſt the Water ſpouting at B with ++ of the Force that the Wa- 
ter is puſh'd up the Hole A, by the Prefſure of the common Air on the 
Water in the Veſſel A; ſo that the Water ſpouts up into E (when the 
Air is rarefied r with the Difference of the Preſſure of the Atmoſphere 
and the aforeſaid rarefied Air; that is, of 33 to 2 4. This would _ 
Fey | e 
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the Water 2 Foot 9 Inches; but the Length of the Pipe A, 9 Inches, Lect. IX. i} 

being deduQted, the Jet will only riſe 2 Foot. | Wes N | 

N. B. This may be call'd a Syphon Fountain, where A B is the driving 2 
Leg, and C D the iſſuing Leg. | {bags 


23. THERE are many more artificial Fountains made upon theſe | 4 
Principles, but what we have explain'd may: be ſufficient, when we | 
have added to it the Deſcription of one that I inverted to play by the | 
Spring of the Air, increas'd by the Heat of the Sun; which alſo ſerves | 
for a Dial at the fame time. | 6: 


| Plate 19. Fig. tt. | 1 
GNS is a hollow Globe of thin Copper of 18 Inches in Diameter; . | 
ſupported by à ſmall inverted Baſon, ſtanding on a Frame with 4 Legs 1 
ABC, which have between them at the Bottom a large Baſon of 2 | | 
Foot Diameter. Along the Leg C comes a conceal'd Pipe, going from | 
G the Bottom of the Inſide of the Globe, which Pipe comes along | 
HV to join in an upright Pipe 2 I, to make à Jet at I. The ſhort Pipe [1 
I going to the Don of the Baſon, has a Valve at V 'under the 
horizontal Part Hu, and another Valve at V, above the ſaid horizontal 
Pipe under the Cock at K. The North Pole N has a Screw to open | | 
an Hole whereby to fill the Globe with Water. Things thus prepar'd, ; 
and the Globe half fill'd with Water, let the Machine be ſet in a Gar- | 
den, and the Heat of the Sun rarefying the Air as it heats the Copper, 4 
the Air will prefs hard upon the Water, which coming down the Pipe þ 
GCHVI will lift up the Valve V, but ſhut the Valve 2, and the . g 
Cock being open; ſpout out at I, and continue to do ſo for: a: long | 
time, if the Sun ſhines, and the Ajutage be ſmall. At Night, as the 
Air condenſes again by the Cold, the outward Air preſſing into the Aju- | 
tage I, will (hut the Valve V, but preſſing on the Baſon D H, it | 
will puſh up the Water which has been play'd in the Day-time, thro: 1 
the Valve u, and the Pipe # H G into the Globe, ſo as to fill it up a- N | 
gain to the ſame Height that the Water was at firſt, and the next Sun- ; 
ſhine will cauſe the Fountain to play again, &c. The uſe- of the Cock [ 
is to keep the Fountain from playing till the Time of Day that you 'Y 
think proper. A ſmall Jet will play fix or eight Hours. If the Globe | 
be ſet for the Latitude of the Place, and rectified before it be fixed, 
with the Hour-Lines or Meridians drawn upon it, the Hours mark'd,; 
and the Countries painted on, as in the common Globe, it will be a good: 
Dial, the Sun ſhining upon the ſame Places in this Globe, as it does 
upon the Earth itſelf. | | 
ExPE- 
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''*  -ExPERIMENT IT. Plate 19. Fig. 12. 


24. In the tall. narrow Jar A E full of Water, the Glaſs Bubble B 


ſwims at top; but if it be preſs'd down with à long hook'd Wire, 
below the Line L L, it goes down to D at the Bottom and ſtops there: 
If it be puſh'd down gently to the Line LL, it will continue there, 
(at leaſt for ſome Time;) if it be not puſh'd quite down ſo low as LL; 
it will come up again and ſtay at Top; and if, when at the Bottom, 
it be rais'd up from D to any Height below LL, it will go down a- 
gain, becoming thus ſucceſſively, ſpecifically heavier, ſpecifically lighter, 
and of the ſame ſpecifick Gravity as Water. The Reaſon of the Change 
is this: The Bubble has its Stem open at Bottom, in which the Water 


riſing more or leſs, alters its ſpecifick Gravity. When the Bubble ſtands 
at B, the Water is only up at & about an Inch in the Stem, and the 


Bubble being a little lighter than Water, juſt appears with its Top above 
the Surface; where it continues, becauſe the Air in it, by its Spring 
endeavours as much to keep the Water from riſing higher in the Stem, 
as the Weight of the Atmoſphere endeavours to puſh-it in: and with- 


out the Water riſing or falling in this Stem, the Bubble cannot alter its 


ſpecifick Gravity ſo as to become heavier or lighter. But when you 
path the Bubble down, the Depth of the Water from A adds to the 

reſſure of the Atmoſphere, which now overpoiſing, muſt compreſs the 
Air in the Bubble and cauſe it to recede into leſs room, which it can- 
not do without admitting more Water, which makes it heavier in pro- 


portion. When the Bubble is at LL, by help of the additional Preſ- 


ſure of the Height of Water AC, Water is riſen in the Stem up toc; 


for Example 3 Inches, and then the Bubble is of the ſame Gravity as 


Water, and continues in that Place. When the Bubble is puſh'd down 


a little lower, the Water riſing higher in the Stem, becauſe the Air in 


the Bubble recedes as it is more preſs d, the Bubble being now made hea- 
vier than Water, deſcends, and the Water in the Stem riſes higher, and 
makes the Bubble increaſe in Weight, as the Height or Depth of the 
Water in the Jar encreaſes, till the Water comes into the Bubble it 
ſelf, as it appears at the Bottom at D. If you ſuppoſe the Jar 2 Foot 
high, the Air in the Bubble at D is condens'd Y Part; but it cannot 
reſtore it ſelf to the ſame Tenor as the outward Air, becauſe the out- 
ward Air acts againſt it with an additional Preſſure of aColumn of Wa- 
ter 2 Foot high, whilſt the Bubble continues at D: But if you-raiſe up 
the Bubble to C, the Air in the Bubble expands itſelf ſo as to be only 
r Part denſer than the outward Air, and then it makes equilibrium 
with the outward Air, whoſe Preſſure is now help'd only by one * 
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of Water. Now, in that Expanſion of the Air of the Bubble, the OG, 
ter in it is puth d out till it comes to © in the Stem, in which Caſe the * 
Bubble with its Water being of the ſame Weight as an equal Bulk of 
Water, continues in its Place. If the Preflure againſt the Air in the 
Bubble be ſtill dimich'd, by diminiſhing the Height of the Water A C, 
which gave the additional Preſſure to the Atmoſphere, the Air in the 
Bubble will expand itfelf yet more, and thereby drive more Water our 
of the Stem of the Bubble, whereby the Bubble becoming till lighter 
will go to the Top, where it will remain. As you may ſee the Water 
in the Stem of the Bubble riſe as the Bubble goes down, and fink as it 

cornes up, this Phenomenon needs no farther Explanation, 


 ExPeRIMENT 12. Plate 19. Fig. 13. 


25. Ir a Bubble made a very little lighter than Water was ſeal d her- Plate 19- 
metically, ſo that it could not alter its ſpecifick Gravity, yet it might riſe Fis- 13, 14. 
and fink in Water as the Water ſhould become more or leſs denſe by 
Cold and Heat. Take fix ſmall Glaſs Bubbles with ſmall Stems, and 
by putting Water in them, and then ſeal them hermetically, make 
them all lighter than cold Water, and lighter: than each other, but ſo 
as the lighteſt may fink in Water, when it is as hot as the Sun can 
warm it. Putting all theſe Bubbles in a Jar of cold Water, and ſetting 
it in the Sun, they will fink one after another, as the Water grows 
warm; becauſe the Medium becoming leſs and leſs denſe, the heavieſt 
Bubble muſt file firſt, Ge. This may be call'd an een 
Thermometer; and ſuch an one was made at Floronee. 


26. ABOUT 32 Years ago the Reverend and Learned Mr. Jobn Cafe 
well, then Profeſſor of Aſtronomy in Oxford, n d to me the . 
lowing hydroſtatical Problem. f | 
Having two Glaſs Bubbles, as A and B, (Fig. 14.) in a Jar of! Wa 
ter, one ſwimming at top of the Water, and the other lying at butm 
how to contrive, by pouring in more Water, as from the Veſſel'I,-10 make 
the ſaid Bubbles change Places, ſo that A'ſhall come up to the'' Surface 
at a, and B go down to the Bottom at b. I found it out, and made the 
Experiment; but I refer the manner of doing it to the Notes; ** Ann. 7. 
the Reader may try to find it out before he bas it explain d. 


27. Ir A, inſtead of being a Glaſs Bubble, had been a Portion of a 
Fluid ſpecifically lighter than the Fluid E D, in the Jar, and B a Por- 
tion of a Fluid ſpecifically heavier, they would not have reſted in thoſe 
Places; but, being left to „ would have changed places, the one 


» going 
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Le&IX. going up, and the other coming down, for Reaſons already given in 
N Lect. 7*. But this will appear very plain by an Experiment. 


10, 11. 


Plate 19. 


Fig. 15. 


EXPERIMENT 13. Plate 19. Fig. 15. 


Tux Jar A being fill'd with red Wine as far as p, invert into it the 
Bottle of Water W, and hold it with its Mouth juſt under the Surface p; 
then you will immediately ſee the Wine riſing up like Smoke in the 
Neck of the Bottle, thro' the Water, and ſettling itſelf at. top of the 
Water at u. The Water in the mean time comes down thro' the 
Wine, and goes to the Bottom of the Jar at P. You, can't indeed ſee 
it come down thro' the Wine; but that it does ſo. ſoon, appears, be- 


cauſe the Liquor loſes its Colour, beginning at the Bottom at P, and 


ſo becoming tranſparent upwards by degrees. 


28. Tux riſing Fluid would ſoon come down again, if that Fluid in 
which it moves alter'd its ſpecifick Gravity, becoming much lighter. 
The Motion of Smoke depends upon that Principle. In fair Weather, 
when the Air is heavieſt, as the Barometer ſhews it, the Smoke riſes out 
of our Chimneys directly up to a great Height, becauſe the Air being 
heavier than Smoke, does by its Deſcent make the Smoke aſcend ; but 
in foul Weather, when the Air is lighteſt, the Smoke then being hea- 
vier than Air, falls down again as ſoon as it is out of the Chimney. 
The Reaſon why the Smoke riſes up to the Top of the Chimney then, 
is, that while it is in the Chimney it is rarefied or expanded by Heat, 
and during that Expanſion it is ſpecifically lighter than the Air, and con- 
ſequently muſt riſe in it; but as ſoon as it is out of the Chimney, it is 
fo far condens'd by Cold, as to become heavier than-the ambient Air, 
whereupon it comes down by its greater ſpecifick Gravity, not being beat 
down by the Wind, as is commonly imagined. Nay, it comes down if the 
Weather is ever ſo ſtill; and in froſty Weather, when the Air is heavy, 


tho' the North or North-Eaſt Wind blows hard, the Smoke won't come 


down. Few Chimneys ſmokethen. But inrainy Weather, andat any other 
time when the Barometer is low, in all thoſe Chimneys which are ſo built 
that the Smoke does not keep its Heat quite up to the Top of the Chim- 
ney, the Smoke (becoming heavier than Air) comes down again, let 
the Wind blow from any Point, and the Chimney is ſaid to ſmoke. 
PERHAPS it may be objected to this, that in all States of the Air, 
(that is, whether heavier or lighter) ſome Chimneys that are command- 
ed, ſmoke by the Impulſe ot the Wind, and are cured by moveable 
Heads, that carry out the Smoke the ſame way as the Wind blows. 


This is true, and the Reaſon of the Chimney ſmoking in ſuch a Cale, * 
N ma 


* : 


% 


* "5 2 s X e 

A Conrſe of Experimental Philoſophy, zo 
that by the Motion of the Wind the heterogeneous Fluid made up of Lect. IX. 
Air and Smoke, is driven with more Force towards the Fire than the 7 
Air below, which has no other Force to carry it towards the Fire, than Fig. = By 
that which ariſes from its Difference of Denſity from that of the Air 12. 
heated by_the Fire. 


29. Tuo' Wine always mixes with Water in a Glaſs, when the 
Wine is put in firſt, {except ſweet Wines, which are often ſpecifically 
heavier than Water) and very often when the Water is put in firſt, and 
theWine pour'd in after, becauſe as the Wine accelerates its Motion, and 
goes into the Water, its Parts are attracted by thoſe of the Water, 
with which they remain entangled; yet if any ſmall Body, as a thin 
Piece of Bread, or the Piece of Paſt-board O, (Fig. 10.) fix'd to a 
Stem QO to hold it, be laid or held on the Surface of the Water W. 
to receive the Shock of the Wine pour'd in, as from the Bottle B, the 
Wine will lie at top unmix'd with the Water, as OP. Nay, by preſ- 
ſing the Palm of the Hand on the Top of the Jar, it may be inverted, 
and the Wine and Water change Places without mixing. 


ExPERIMENT 14. Plate 19. Fig. 17. 
MaAaxinG uſe of the ſame Paſt- board O P, held ſucceſſively on the 


ſeveral Surfaces of ſeveral Liquors, you may pour in ſucceſſively fx dif- 
ferent Liquors without their mixing, as Water, Port Wine, Olive Oil, 
Brandy, Oil of Turpentine, and rectified Spirit of Wine, expreſs'd by 
the Letters W, P, O, B, T, S, Fig. 17. where A expreſſes the Air 
at top. But now it is time to return to our riſing and falling Bubbles of 
Glaſs, (and hollow Images acting upon the ſame Principles) which we 
have not fully conſider'd yet. 


ExPERIMENT 15. Plate 19. Fig. 12. 


War the Glaſs Bubble at D has too much Water; tho' it be rais d 
up to the Top of the Jar at A, where the Air in the Bubble, freed from 
the additional Preſſute of the Pillar of Water A B, expands itſelf, and 
forces out ſom, Water, yet it will not force enough out to make the Bub- 
ble become lighter than Water : the Bubble will go down again, in 
which caſe it is ſaid to be drown'd. But by applying the Hand upon the | 
Top of the Jar, ſo that the Fleſh of the Ball of your Thumb may touch k 
the Water, and then ſliding the middle of the Palm of your Hand over | 
the Water, you will take off the Preſſure of the external Air to what | 
Degree you pleaſe, ſo as to give the Air in the Bubble liberty to expand f 

Vor. II. | Ee ſo f 

| 
| 
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Let. IX. ſo much as to drive out Water enough to make the Bubble ſpecifically 
——— lighter than Water, and riſe up to your Hand. 


Plate 19. 


ExPERIMENT 15. Plate 19. Fig. 18. 
Tuus if a little Glaſs Skeleton, whoſe head is hollow, with a little 


Fig. 18, 19. Hole at the Bottom of it, (being in effect a Bubble) be made heavy 


enough to be ju, drowned; that is, to ſtand at the Bottom of the Jar 
AE, and Paper, or any other Covering be put about the Bottom of the 
Jar as far as LL, fo as wholly to hide the Figure: by preſſing the Top 
of the Water in the Jar in the manner above-mentioned, and drawing 
up the Palm of the Hand, the little Skeleton will ſeem to riſe from a 
Jar having nothing in it. Again, if there be ſo little Water put into 
the Bubble or Head of the Figure at firſt, that it ſhall be ſo much ſpeci- 


fically lighter than Water, that tho' thruſt down to the Bottom. of the 


Water, it ſhould riſe up again of itſelf : the Hand apply'd at top of the 
Jar may make it go down, and let it up again, fo that it ſhall riſe and 
tall at pleaſure. But for that Purpoſe (the Jar being quite full) the 
Palm of the Hand muſt be firſt apply'd to its Top, and the Fleſh of 
the Ball of your Thumb ſlipp'd in the Place to ineresſe the Preſſure up- 
on the whole Water, and force more Water into the Bubble, &;. 


EXPERIMENT 16. Plate 19. Fig. 19. 


30. Tak: three or four Glaſs Images made hollow with Holes in 
their Feet, fo that Water may be put into them, till they are but a little 
lighter than Water, (provided they be not heavy enough to be drown d, 
when they come to the Bottom of the Jar of Water in which they are 
to be plac'd) then let them be differently pois'd in reſpect of each other, 
by putting more Water in one than another. Having thus prepar d 
them, put them in a Jaralmoſt, or quite full of Water, and having tied 
a wet Bladder over the Mouth of the Jar, by preſſing on the Bladder 
more or leſs with the Hand, you may command the little Images to go 
up and down after one another, knowing which is the heavieſt, thatre- 
quiring leaſt Preſſure, and thoſe that are lighter more in Proportion, and 
flackening the Preſſure the Images will riſe. But what ſeems moſt ſur- 
prizing is, that you may command the Image that went down lalt to 
go down firſt, and ſo vice verſa. This is done in the following manner: 
Let us take, for example, the two Images C and E, whoſe Holes in the 
Heels muſt be of different Sizes, and let the Image C, having the biggeſt 
Holes be ſo pois d, that being lighter than E, it ſhall require a greater Quan- 
tity of Water to be preſs'd into it, to make it come down, than E: upon 


which account it will not come down till after E. But if you prels hy 


— 
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and ſuddenly, C having: the biggeſt Holes will take Water enough to Le&. IX. 


make it ſink, before E (tho' it requires leſs Water) has taken its ſuffi- 
cient Quantity to fink it; becauſe tho' that Quantity be leſs than what 
C wants, yet the Smallneſs of its Holes will not admit it ſo ſoon. There 
is alſo a way of making the Images turn round, which can only be done 
with ſuch Figures as have the Holes in them looking ſideways ; as, for 
example, the Image D having an Hole in the Tail; when it is at D, 
if you ſuddenly eaſe the Preſſure, the Air in the Image will force the 
Water out in the Direction m u, which will make the Image move 
round in the Direction m; becauſe the Air in the Image endeavouring 
to expand itſelf every way, preſſes equally towards o and ; but the Preſ- 
ſure towards m being diminiſh'd, on account of the Hole where the 
Water ſpouts, (Surface being wanting where the Hole is) the relative 
Preſſure muſt be greater towards o, and carry the Image that way: af- 
ter the ſame Manner that a Rocket riſes by the unequal Preſſure of the 


expanding Gunpowder, when it wants a fix'd Point below to act againſt®, © Aus. 8. 


31. Or Drvixo to take up Goods or Treaſure from the Bottom of 


Rivers, or the Sea, where it is neceſſary to continue ſome time under 
Water; call'd by ſome, The Art living under Water. 

Tux Prefſure of Water upon Bodies at different Depths, and the 
Preſſure, Reſiſtance, and Condenſation of Air, are ſo neceſſary to be 
conſider'd in Diving; that giving an Account here of different Ways of 
performing that Operation, will illuſtrate the Rules already given in 
our Hydroſtaticks, : 


ExpERIMENT 17, Plate 20. Fig. 1. 


In the large Glaſs Jar A L fill'd with Water up to 8 8, invert a ſmall op 


empty Glaſs Jar B C, of about 10 Inches in Height; and the Air in the 
Space B C, being of the ſame Tenor as the outward Air, will keep the 
Water from coming up into the little Jar by its Spring qgainſt the Preſſure 
of the outward Air that would drive it in. But as from the Surface of 
the Water in the great Jar at 8 8, to the Mouth of the little Jar at C, 
there is an Height of Water B C of 10 Inches, (the 38th Part of 32 
Foot, the Height of Water, whoſe Preſſure is equal to the Weight of 
the Atmoſphere) the Air in the little Jar is r more preſſed than it would 
be by the Atmoſphere, or outward Air alone, and therefore muſt recede 
accordingly, and conſequently give way to the Riſe of a ſmall Height 
of Water, which juſt ſhews itſelf within the little Jar at its Mouth C. If 
the little Jar B C was plung'd under Water, till its Mouth C was 32 


Foot below the Surface, the Height of Water B C would become ſuch 


E e 2 as 


— 
Plate 19. 
Fig. 19. 
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LeR. IX. as Would preſs equally with, and muſt be added to the Preflure of the 


| Plate 20. 
Fig. 1, 2. 


— 


ns” OI IEP" PE 9” 


Atmoſphere, or outward Air; and then the Spring of the Air included 
in B C, having cut half the Force of this increas'd Preſſure, would yield 
and recede to D, where by its double Denſity it would become able to 


ſuſtain this double Preſſure. The Water therefore following would riſe 


into the Jar, (always ſuppoſing it cylindrick) one half of its Height, or 


CD, if B C was plung'd 64 Foot under the Surface of the Water, the 


Water would riſe + in this Jar towards B; if 96 Feet, 4, Se. And if 
we call'd every Depth of 32 Feet of Water one Atmoſphere, (becauſe 
that Height preſſes as much as the Atmoſphere, or outward Air In 
theſe Fractions x, 4, +, +, &c. the Numerators will expreſs the addi- 
tional Atmoſpheres that preſs up the Water at the ſeveral Depths, and 
- Denominators the Degree of Denſity to which the Air is compreſ- 


ExPERIMENT 18. Plate 20. Fig. 1. 


Tur Tube GT is 32 Inches long: when its open End T (the other 
being ſhut) is juſt put down to the Surface of the Water 88, no Water 
is viſible in it; but as ſoon as you have plung'd that open End one Foot 
under the Water's Surface, the Water will riſe up into the Tube the 
Height Tr, or one Inch, the Air yielding r Part; becauſe the Preſſure 
of the Height of Water 8 L is added to the Preſſure of the Atmoſphere 


upon the Surface of the Water S S. | . A 
N. B. Tho' we have taken 32 Feet in Height to repreſent the Height of | 


Water equal to the Preſſure of the Atmoſphere, any Number of Feet would 
do from 32 to 3 5, becauſe the Preſſure of the Air varies in that Preben. 


ton according to the Seaſons. 


ExPERIMENT 19. Plate 20. Fig. 2. 


ECD is alittle Bell of Glaſs hanging by the String R E intotheJar 
of Water A B. A Circle of Lead C D, being ſlipp'd on upon it, and 


having a great many leaden Bullets hanging from it to increaſe its Weight, 


makes the Bell fink down under Water, which, without that, would 
float by reaſon of the Air contain'd in it: and now the Water does not 
go into it, but only ſhews itſelf at its Mouth. For in taking the Bell out 
of the Jar, you may find that a Paper P, which had been ſtack in'its 
upper Part within, comes out without being wet. An Inſtrument of 
this Figure, but big enough to contain one or two Men ſtanding upon 
Ledges fix d to its Bottom, made of Wood, and covered with Lead, and 
made {till heavier with Cannon Ball hanging round it, is the common 
Campana urinatoria, or Diyer's Bell made uſe of to go down to the Bots 
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tom of Rivers, or of the Sea, where it is not very deep. It is made of this Lect. IX. 
Figure rather than that of a Cylinder; becauſe at the ſame Depth the Wa- TY 
ter will not riſe ſo high in the Bell as it would in a Cylinder, and à Pig. 2, ;. 
Man may deſcend lower than in a Cylinder before the Water is trouble- 
ſome to him, by rifiag up to his Face. For example, before the Wa- 
ter can come up to-S'S, half the Height of the Bell, the Bell muſt be 
let down to 96 Feet under the Surface of the Water: becauſe the 
Space 8 8 DC in the lower Part of the Bell, which is three Quarters 
of its Contents, cannot be fill'd till the Bell is let down that full Depth: 
ſo that a Man may have his Head ſtill above Water, whea the Bell is 
let down very low. 3 | | 

Tusk Bells were formerly uſed, but were left off on account of 
the following Inconveniencies. | 

1. A Ax that is let down to any conſiderable Depth under Water, 
when the Bell reſts on, or is very near the Bottom, cannot well work | 
at Bottom, without plunging his Head under Water, or uſing very ö 
unmanageable Tools. | 
2. As we cannot long breathe the ſame Air before it hecomes ſuf- 
focating, (a Gallon of Air ſerving one Man but one Minute) a Man 
cannot remain long at the Bottom of the Water. If there was the 1 
Space of about one Hogſhead for Air in the Bell when it is at Bottom, | 
a Man could-breathe that Air but one Hour ; but if by the riſe of the #| 
Water in the Bell that Space ſhould be redue d to 4 a Hogſhead, or 
+ of a. Hogſhead, a Man would breathe ſafely but half an Hour, or a a 
quarter of an Hour, the Lungs dilating as much at every Inſpiration in 
condens'd, as in common Air. 


— ——— — —-— — — — ——— —— — — — 5 I — 


. 


3. Wu the Bell is let down very near the Ground, or the Mud: 
be ſtirr'd up when the Bell is not quite down, it is ſo dark that the ' 
Men cannot well ſee to work. | | fro | 

For this reaſon other Inventions have been contriv'd for diving. One 
is a ſort of a Caſe of Armour of Copper repreſented at Figure 3, to pre- 
ſerve the Diver's Body againſt the Preſſure of the Water. This Caſe con- 
fiſts of two Pieces to be join'd together on the Body. A G. BE is the 
Piece for the Head, and upper Part of the Body. The Head has two 
Copper Pipes PP, to which are to be ſere d ſeveral Lengths of leathern 
Pipes to reach up to the Top, and communicate with the Air at top of 
the Water. Theſe Pipes are kept open by ſmall Hoops of Braſs or Copper 
within the Leather. There isaconvexGlaſsG before the Face to lock thro” 
to ſee Objects under Water. The Piece E flides out, and then the Diver IN 
having put in his left Arm, and thro' the Hole oppoſite to B gets in his 4 
Body, and raiſes up his right Arm from E to B, and puts it * | bd 

Ix O. E 1 
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CLect. IX. Hole B, then the Piece E is flid up and made Water-tight, and held in 


— penned 
. 20. 
Fig. 3. + 


place by a ſtrong Ring at E. The Breeches or lower Piece F being 
put on, beſides the Rings at E, is made faſt to the upper Piece by two 
Bars with Screws Ce, Dd. The Arms and Hands, as well as the 
Thighs, and Legs and Feet being cover'd with leathern Hoſe, theſe 
Leathers are faſten d to the Rings at B, and on the other Side, as alſo 
to the Breeches at F. The Air- Pipes being faſten'd at PP, the Diver 
is let down into the Water, where he works a* the Bottom, and has a 
{mall Line to pull and make Signals when he would be drawn up again; 
or when he would have the Boat above him move in any Direction. 
See the Diver with his Tools Fig. 4. and the Air-Pipes going up at P; 


together with his Line for Signals. 


Tuts kind of diving Machine has its Inconveniences. 

1. Wurx the Diver goes down to only a moderate Depth, the la- 
teral Preſſure of the Water ſqueezes the Air-Pipes ſo ſtrongly, chat 
the Aſſiſtants above are obliged to blow down Air to the Diver with 
Bellows. But the greateſt Inconveniency is, | 


2. TrHAT when the Depth is conſiderable, the Diver, tho his Breaſt - 


and the reſt of his Body be guarded againſt the Prefſure of the Water, 


feels all the additional Weight upon his Arms and Thighs, eſpecially 


where his Leathern Hoſe are faſten'd to the Armour, ſo as ſometimes to 
ſtop the Circulation. of the Blood, as ſome have experienced it to their 


Coſt. - For the external Air which comes down to them from above 
being taken into the Diver's Lungs, has only a Spring ſufficient to bear 
the Preſſure of the common Atmoſphere, and above + more upon Oc- 
caſion as it is expanded about + by the Heat of the human Body: where- 


as the Arms and Thighs defended only by oil'd Leather, muſt bear all 


the Preſſure of the Water according to its Depth, beſides what they 
uſed to bear above ground. The Uniformity of the Preſſure does in- 
deed help a little, and theſe Machines are much uſed, becauſe the 
Places where Ships are uſually caſt away are but ſhallow. About 16 
Years ago I was inform'd that there had been granted about 14 Patents 


for making theſe kind of diving Inſtruments, ſeveral different Perſons 


having obtain'd thoſe Privileges, becauſe in their Improvements, which 
they call'd new Inventions, they varied alittle from thoſe that had gone 
before them. For great Depths, in which ſometimes Ships have been 
caſt away, or to which they have ſometimes ſlipp'd by length of Time, 


where the Shore has been ſteep, or in Pearl and Coral-fiſhing, theſe 


Armour-Machines are quite uſeleſs, the Diver having bled at the Noſe, 
Mouth and Eyes, and dicd ſoon after the Frial, : | 
| | BoUT 
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ABOUT 15 or 18. Years ago, Captain Rowe having obtain d leave to Lect. IX. 
work upon ſome Wrecks on the Coalt of Scotland, contrived a better 
way than the laſt mention'd for diving. His Machine was ſuch as is 
repreſented in Fig. 5. It is a Tub or truncated Cone made in the ſhape 
of a Scotch Snuff-Mill, in which the Diver is ſhut up by a Cover A A, 
fortified with Hoops, as is alſo the Body of the Machine at H H and 
55. The Arms are put thro' the Holes B B and made tight, either 
with or without Leather Hoſe upon the Hands and Arms. The Legs 
are within the Machine turn'd back as when a Man kneels. G is a Glaſs 
to ſee thro'; from which the Diver can wipe the Dew or Steam with 
his Noſe upon occaſion, for his Poſture is to be let down with his Face 
downwards. The Air is ſhut up with him in his Tub, and is about a 
Hogſhead in Contents; becauſe I hear a Man ſhut up in it can remain in 
the Water about an Hour. Fg. 6. ſhews this Machine let down from a 
Ship with the two Ropes Cc, Dd; where the Diver's Arms Bb are ſeen 
employ d about his Work. A H h repreſents the Hoops, and LI the 
ſignal Line. Now, tho' this Diving-Engine be better than a great ma- 
ny, yet it has the ſame Inconveniency of not being fit for great Depths. 
Captain Irwin, who dived for Mr. Rowe, inform'd me that at the Depth 
of 11 Fathom he felt a ſtrong Stricture about his Arms by the Preſſure 
of the Water; and that venturing two Fathom lower to take up a 
lump of. Earth with Pieces of Eight 2 together; the Circulation 
of his Blood was ſo far ſtopp'd, and he ſuffer'd ſo much, that he was 
forced to keep his Bed fix Weeks. And I have heard of another that 
died in three Days, for having ventured to go down 14 Fathom. 

Our late famous Profeſſor Dr. Edmund Halley improved the old 
Diver's Bell, ſo much as to have perfected the Art of living under Wa- 
ter, as he has given us an Account of it himſelf ; for whoever will be 
at the Trouble and Expence to have a Bell made with his Improve- 
ments, may ſend his Divers down to any Depth with Safety. The 
Doctor went down himſelf. | | 


Plate 20. 
Fig. 5 6, 7. 


Here follows a ſhort Deſcription of his Alterations from the common Bell. 


THe 7th Figure repreſents Dr. Halley's Bell, with the following 
Advantages : | 

1. Tye Perſons in the Bell fitting upon a Bench near the Bottom, Ml! 
could always fit dry ; becauſe whatever Depth the Bell was let down Th | 
to, the Water never-roſe in it but to a ſmall Height: for an Hogſhead C | ff 
with the Bottom out, being let down by the Side of the Bell juſt below - | 
its Bottom, a Man at H took hold of an Hoſe of Leather, which com- 
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ing from the Top of the Hogſhead, hung down below it; but when 


it was tais d up above the Hogſhead, the Air of the Hogſhead came up 
thro' it into the Bell, and puſh'd down the Water which was come up 
a little Height into the Bell, as RS. For the Air receiving an addi- 


tional Quantity, receiv'd an additional Spring, whereby it ve out 


again the Water which had been puſh'd up into the Bell by the Height 
of the Columns of Water above its Mouth. Therefore, as the Water 
continually was coming up into the Bell as it was lower'd down; that 


Water was continually driven out again by the Air taken into the Bell 


every time that the Hogſhead was let down, which was veey faſt ; be- 
cauſe juſt raifing it up above the Surface of the Sea, emptied its receiy'd 
Water, and fill'd it again with Air. 3 

2. AST RON Meniſcus Glafs at D, concave downwards, was fix'd to 
the Top of the Doctor's Bell, which let in light ſo effectually, that 
being in the Bell he could read the ſmall Print of the Advertiſements 
of a Gazette. But this was in calm Weather; for when the Sea was 
troubled, the Rays were by the rough Surface hinder'd from coming 
down, and it was ſo dark, that he was forc'd to have Candles. 

N. B. A Candle of fix in the Pound conſum'd as much Air as one 


Man; that is, about a Gallon in a Minute. . 


3. Tnosx in this Bell could breathe freely a whole Day; becauſe as 
the Air grew effœte, and unfit for Reſpiration, the Doctor by a Cock 
within the Bell at B could let out the foul Air, (for the foul Air being 
hot, always aſcended to the Top of the Bell) and ſee by the Aſcent of 
the Water at the Bottom of the Bell haw much foul Air had been let 
out, to re-ſupply it by the deſcending Hogſhead C. By this means the 
Bell was always full of Air, and of freſh Air. 

Ir any Body ſhould aſk why the Water did not come down into the 
Bell, when the Cock was open to let ont the foul Air; let them obſerve 
that the Column of Water puſhing down to come in at the Mouth of 
the Cock B is to be meaſur'd only according to its Height reaching from 
the Surface of the Sea to B; but the Column of Water driving out the 
Air muſt be meaſur'd from the Surface of the Sea to the Bottom of the 
Bell at R, which is about eight Feet (or tha Height of the Bell) taller. 
This is the Reaſon why the Glaſs D is made concave, with its Con- 
vexity downwards, that it may reſiſt the Preſſure of the Air acting up- 
wards by the Preffute of the Column of Water reaching down to R, 
when its upper Side is preſs d only by a Column of Water reaching to 


D, about eight Feet ſhorter. 


4. ANoTHER Improvement of the Doctor's, was, that he could 


ſend Men out of the Bell to work at the Diſtance of 50 or 100 _ 
2 a 10 
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from the Bell; becauſe it would have been very troubleſome to remove Lect. IX. 
the Bell over every Part of a Wreck, or of the Goods to be taken up, 3 
perhaps diſpers d at conſiderable Diſtances from each other. To effect pig. 7. 
this, with great Difficulty he made a long ſmall Pipe of about + of an 
Inch, Bore, kept open againſt the Preſſure of the Sea by a ſmall ſpiral 
Wire, and made tight without by Leather painted, and Sheep's Guts 
drawn over it. One End of this Pipe being open, was faſten'd, or held 
in the Bell to receive Air at P, and the Pipe itſelf being coil'd round the 
Arm of the Man out of the Bell, the other End was faſten'd to a leaden 
Cap (call'd a Cap of Maintenance) on the Man's Head, which reach'd 
down below his Shoulders, open at Bottom to ſerve him as a little Bell 
full of Air for him to breathe at his Work, which would keep out the 
Water from him, when at the Level of the great Bell, becauſe of the 
ſame Denſity as the Air in the great Bell, But when he ſtoops down 
lower than the Level of the great Bell, he ſhuts the Cock F, to cut off 
the Communication from the great Bell to his little Bell. This little 
Bell will ſerve him a Minute or two, till its Air grows foul ; but he can 
inſtantly change it by raiſing himſelf above the great Bell, and opening 
the Cock F; for then a Puff of freſh Air coming from the great Bell, 
renews all his Air, by driving out the foul Air, of which his Bell was 
full. Then he muſt ſhut the Cock again, leſt he ſhould take too much 
Air from the great Bell. This travelling Diver was forc'd to have al- 
moſt half an Hundred Weight of Lead at his Feet, to keep himfelf firm 
on the Ground; And whereas he could not bear the Cold, the Doctor 
cloath'd him in thick Flannels cloſe to all his Limbs, and made him wet 
them, and ſtay in the Bell till he was very warm; and thus the warm 
Water ſticking in his Clothes, kept out the cold Water for a long time, 
when he was out of the Bell. ; 

By means of the Bell thus improv'd a Diver may be let down to any 
Depth without the leaſt Inconveniency, wt” the Bell be not let 
down, or taken up too faſt. Becauſe the lower the Bell goes, and the 
more the Air is condens'd about the Divers, the greater Preſſure are they 
enabled to ſuſtain; for as they breathe the ſame condens'd Air, and the Air 
circulates with the Blood, all the Parts of their Bodies, the very Extre- 
mities of their Fingers and Toes, are arm'd againſt that Preſſure: And 
whether a Man be in or out of the Bell, he ſuffers the ſame Preſſure, 
whether from the Water, (when out of the Bell) or from the Air con- 
dens'd by it in the Bell. Care muſt be taken not to take up the Bell too 
faſt, becauſe the condens'd Air in the Bodies of the Divers muſt expand 
(elf by Degrees, and be breath'd out; otherwiſe, if they were too ſud- 
denly deliver'd of the outward additional Preflure, the Air within them 
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Lect. IX, would burſt them outwards. When foul Air has been let out thro'the 
pd. Cock B, the Surface of the Sea has been cover d with Foam for 46 Yards, 

M Fig. 3 ſo great has been the expanſive Force of the Air; Bubbles of the Bigneſs 
nl. of a grey Pea when they came out thro the Cock being as big as an Orange 
at Top of the Water. When the Preſſure of the Air is the leaſt, a Man 
of a middle Size ſuſtains the Weight of 30, ooo Pounds, and every five 
Fathoms of Sea - Water adds a Weight of 30,000 more; but the Air of 
the Bell gradually condens d, and breath d by the Divers, always enables 
them to bear it; and thoſe that dive with Armour will not bear the 
Preſſure of an Height of 60 Feet of Water, ſo well as a Diver in the Bell 
can bear the Depth of 300, | 1: 2140 
Dx. Halleytold me indeed of a ſmall Inconveniency that theyhad in the 
Bell: At firſt they felt a ſmall Pain in their Ears, as if the End of a To- 
bacco-Pipe was thruſt in their Ears; but after a little time, there was a 
ſmall Puff of Air with a little Noiſe, and they were eaſy. He thought 
it was occaſion d by the condens'd Air ſhutting up a Valve leading from 
ſome Cavity in the Ear full of common Air; but when the condens'd 
Air preſs d a little hard, it forc'd the Valve to yield, and fill'd every 
Cavity. One of the Men, to prevent this Preſſure, Rtopp'd his Ear with a 
Pellet of chew'd Paper; but that Pellet was puſh'd in ſo far, that the Sur- 
geon had much ado to get it out. I ſhall conclude this Narration, with 
! obſerving that there was an eaſy Correſpondence betweenthoſeintheBel!, 
* and in the Ship above, by writing wth" a Nail on a Plate of Lead tied o 
{ the deſcending Hogſhead C, which the Man at H taking in, the Anſwer 
. to the Letter from above was written on the other Side of the Leaden 
Plate, from which the Writing was beaten out upon an Anvil, when 
| | it had been read above: Then they wrote again upon one Side. 
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0 32. In November in the Year 1732, I receiv'd a Letter from a very 
. ingenious Gentleman, Mr. Martin Triewald, F. R. S. Captain of Me- 
| chanics, and Military Arcbitect to his Swediſh MAaJesTY, concerning 
i | the Improvement of Dr. Halley's Diving-Bell, which he has made cheap, 
3 and entirely perfected; and therefore deſerves my Reader's Perufal. See 
| Plate 20. Fig. 8. 


i Stockbolm, Nov. 1, 1732. 
REVEREND SIR, 


6 Aving the ſole Privilege for diving on all the Coaſts inthe Baltic 
* H belonging to his Stvediſb Majeſty, no Opportunity has been 
« wanting to make ſufficient Trials with the Diving-Bell and Air-Barrels 


& Mm 


—— =: 


A Conte of Experimental Philofobhy. 279 
in ſeveral Depths, according to the ingenious Improvement of that Lect. IX. 
« worthy Gentleman Dr. Edmund Halley, made in the Year 1716,. bu. 
« with ſmall Additions. Experience has likewiſe convinc'd me, that 
« no Invention built upon anyother Principles than thoſe of the Campana 
« Urinatoria, can be of uſe in any conſiderable Depths; or that the 
Diver, in any other Invention whatever, can be a ſingle Moment fate. 

« ] will not, for brevity fake, mention the many Impediments that at- 
« tend other Inventions, only that of a Water-Armour, in which a Man 
« js drowned in an inſtant, when ſach a Machine receives the leaſt Leak: 
« Whereas Experience has ſne n, that when ſuch an Accident has hap- 
« penedto the Diving- Bell, as to my Knowledge it did once, when the 
« Diver was 12 Fathom under Water, and a pretty large Hole happen d 
« to be {truck in the Bell, by a Bolt of the Wreck he went upon; at 
« which Time the Air ruſh'dout of the fame with ſuch Violence as aſto- 
« niſhed the Beholders, by the exceflive boiling on the Surface of the 
« Water, fearing, not without Reaſon, that the Man in the Bell was 
« drowned; but he clapped his Hand to the Hole or Leak, and gave a 
« Sign to be haul'd up, which was done with all the Eaſe and Safety as 
« if no Accident had happen d to him, the Water having only riſen about 
half a Foot into the Bell by this Leak. The very ſame Diver that was 
then in the Bell is 63 Years of Age, and has uſed the Buſineſs of Div- 
ing ever ſince he was 20, in a common Diving-Bell, till of late, and 
« is as yet a pretty ſtrong and healthy Man: He declares, that never a 
« worſe Accident happen d to him in his Buſinoſs but once, when the 
« Bell he was in ruſhid down at once about a Fathom or more, by the 
« Carelefineſs of thoſe that worked the Bell; at which Time the Blood 
came out of his Noſe and Ears, feeling beſides an intolerable Preſſure 
eon his whole Body; which ſhe ves, that when a Man in a Diving-Belt 
«* is ſlowly and gradually let down, he at ſuch a Time, and by Degrees 
« reſpiring compreſs d Air, which by the Lungs is forced into the Blood, 
cannot feel the external Preſſure, tho of highly compreſs d Air, ſur- 
rounding him, and that of the Water reaching ſome Parts of his Body; 
vhich Convenience no other Invention can yield or afford, where the 
Diver is to draw his Breath from Air in its natural State. I have 
_ © often with a great deal of Pleaſure obſerved, that when I have cauſed __— 
the Bell to ſtop, being lower '&downfive Fathom, and the Diver taking $ it 
in the Air contained in an Air- Barrel, lower d down a Fathom deeper 
than the Bell, without opening the Cock for diſcharging the hot Air; 
the Water would, by the Acceſs of the Air out of the Barrel; be quite, 
** or to a very ſmall Matter, expell d out of the Bell; and when the fame 
* was again lower d down five — the ſame Operation 9 
2 another 
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“ another Air-Barrel repeated, and the Bell afterwards haul d up, it was 


n tt no ſmall matter of Delight to ſee, that every Fathom the Bell came 


Nate 20. 


up, it would diſcharge itſelf of the ſuperfluous and large Quantity of 


Air, which came from the Bottom of the Bell in very large Bubbles, as 


big as Eggs of an Oſtrich; which Diſcharge of Air and Phænomenon 
* continued, till the Æquilibrium of the Air in the Bell, and Preſſure of 
*« the Water was reſtored, and till the Bell came above the Surface of 
* the Water. At other Times I have obſerved, when no Air was bythe 


way taken into the Bell, but the ſame lower'd down the common 


way, and haul'd up again for ſome Time, that the very Inſtant when 


the Bell ſhould part with the Surface of the Water, the Strength of 


* two Men more was required at the Capſton at that time, than before 
and after the Bell hung freely in the Air; from whence I preſume it 
<« plainly appears, that the Air that paſſes thro' the Lungs of a living 


Creature, loſes its Elaſticity, and that the Lungs of a Man make a 
kind of a Vacuum in the Bell; for which reafon the Diver feels at the 


very Inſtant, when the Bell parts with the Water, a very ſmart Preſ- 
ſure in his Ears. Body qu blue | 
Tn Experience thus has taught me, that no Invention is more 
« ſafe and uſeful than the Campana Urinatoria, with the ingenious Im- 
provement of Dr. Halley; yet I have likewiſe found, that this Inven- 
tion is not to be made uſe of without conſiderable Charge, requiring a 
large Veſſel, and Number of Hands, to the working and managing of 
« ſucn a large Diving-Bell, and the Air-Barrels with their reſpeRive 
« Weights for ſinking; which Charges, however, according to the 
Depth of Water, and the Value of what is to be fetch'd up from the 
Bottom of the Sea, may not be regarded: But ſince it more frequently 
happens in theſe Parts, that Cargoes of a far leſs Value than the Load- 
« ings of Spaniſh Galleons, &c. are to be dived for; then next to the 
« Goodneſs of the Invention, I have found myſelf neceſſitated to think 
% how the Expences might be leſſened, and that the Diving-Bell never- 
te theleſs might anſwer all the Intents and Purpoſes of Dr. Halleys; which 
* Improvement I take herewith the Liberty to communicate to you, 
* which is as follows. Put tab 7 | 
„Tux Diving-Bell A B, (ſee Fg. 8.) I have: cauſed to be made 
of Copper, and reduced the ſame to a very little Compaſs in regard to 


that of Dr. Hebtey's, as you'll ſee by the Scale under the Draught, by 


« which means it is eaſily managed by two Hands: Yet I preſume that a 
« Diver may not only live in the ſame for as long a Time, and with as 
much Eaſe, at a very conſiderable Depth of Water, as in a Bell of 
« twice its Capacity, for this Reaſon; tho a Man in a large * ow - 

1 « doubtedly 
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«, doubtedly more Air than in a leſs, and conſequently ſhould be able to Lect. IX. 
« ſubſiſt a great while longer on a large Quantity of Air, than on a ſmall —Y<, 
« Parcel; yet, becauſe his Head for the moſt part is kept in the upper | 
Part of the Bell, where the hot Air takes up its Place and Reſidence, 
© he receives very little or no Benefit of the Air under his Chin or 
_« Breaſt, tho never ſo fit for Reſpiration; which Air nevertheleſs in the 
« lower Parts of the Bell will remain cool a long Time after he has been 
in the Bell, and with Difficulty drawn his Breath; which cannot be 
denied, and is very obvious to any body who has been in a German 
e Bagnio, and ſuch as are made uſe of in this Country, where in a fingle 
Room all the Degrees of Heat are to be felt, by means of a Con- 
*« trivance like Stairs to the very Top of the Cieling; a Man when he 
i« places himſelf on the uppermoſt Step will feel an exceſſive Heat; fo 
that any body not very much uſed to it cannot endure the ſame, nor 
% draw his Breath, but will faint away; whereas on the firſt, ſecond 
or third Steps from the Floor, the Heat is very moderate; nay ſome- 
times the Air near the Floor is pretty cool, when at the ſame Time 
near the Cieling the Heat of the ſame is intolerable. I will not men- 
tion many other Inſtances, I could produce. | 
To encounter this Inconvenience, I have cauſed a ſpiral Tube of 
© Copper, 6, c, to be placed cloſe to the Infide of the Bell, fo fixed that 
the ſame may be taken out and cleanſed at Pleaſure, and with Eaſe ; 
and at the ſame Time not to incumber the Diver when he is in the 
% Bell; at the upper End of this Tube 65, a flexible Leather Tube is 
joined two Feet long, at the End of which is a turn'd Ivory Mouth- 
piece, which the Diver (as ſoon as he perceives the Air to grow hot 
in the Top of the Bell,) keeps conſtantly in his Mouth, which he is 
able to do by means of the flexible Tube in whatever Poſture he is 
in, ſtanding, fitting, bowing his Head, &c. And all the while he 
* draws his Breath thro' the en e Tube, and the Air from 
c; by which Contrivance he not only draws continually cool and freſh. 
Air as long as any is in the Bell, but occaſions at the fame Time a 
Circulation, which is ſo neceſſary to the very Being of Air, (eſpecially 
in a compreſſed State) and its Preſervation for the Uſe. of Animals, 
which I have found to be of great Canſequence ; and ſo much the 
more neceſſary, as any body who has been in a Diving- Bell for a long 
time, without any new Supplies of Air, and has been reduced to the 
laſt Extremity of Breathing in the ſame, will agree with me, that 
when at ſuch Time the Bell begins to be haul'd up and by that means 
the compreſſed Air allowed to expand. and be put into Motion never 
« ſo little, the Man receives, as it were, a new Life, and incredible 


4 « Comfort 
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Ie IX. Comfort and Eaſe; Again, when in Coal-pits, Levels are drove in 
1 the Coal, or thro" Dykes, the Air of the Level, or Adits; growing hot 
Fi. s. by the Breath and Sweat of the Hewers and Workmen for want of a 
. << Queulatien of the Air; Lhave found it to be an excellent Remedy, 
toi place alang the Side of the Drift or Adit, a ſquare Wooden Box, 
open at bath Ends, laid from the Place where the Air is cool and 
<< good, reaching as far, by joining one Box cloſe to another, as where 
«< the Work is carried on. Thus, by this ſimple Contrivance, a Circu- 
lation of Air is obtained, and ſometimes to that Degree, that when a 
Candle is held at the End of the Box where the cool Air enters, the 
Flame is driven out, by the Current of cold Air entering and circu- 
<« 'lating/thro” the Box. Tio 844 | 
% By which Experiment I am apt to think, that tho the Diver ſhould 
<< not keep the End of the flexible Tube in his Mouth, which he may 
<* do with. all the Eaſe in the World; yet that the Air would circulate 
<< thro the Copper Tube, and he receive no ſmall Benefit by it. 
D. D. D. D are the Weights for ſinking the Bell, ſo contrived as with 
<<. great Eaſe to be hooked on the fame hanging on the Table. The 
Iron Plate E, fixed to the Chains FF F, ſerves the Diver to ſtand 
< upon, when he is at work. The Bell is extremely well tinn'd with- 
<«. in all over; and as in all Rivers, and the Coaſts of the Baltic Sea, 
< the Water is extremely clear and bright, becauſe of no Ebb and Flood, 
\ © I have placed three ſtrong convex Lenſes GGG. By theſe means 
the Diver can not only ſee what is under him, but likewiſe on all 
e Sides at a good Diſtance. | i 
e TES Glaſſes have ſtrong Copper-lids like Snuff - boxes, HHH; 
© which Lids are ſhut, when there is no occafion to diſcover any Objects 
* — the Bottom of the Sea, and ſerve to preſerve the Glaſſes ſrom being 
de broken. beer e bre ml een ol k ; 
I Horx you'll pardon the Liberty I have taken, to trouble you 
© with a long Letter, which I might have enlarged with an Account 
of other Inventions, which, if you approve of this, ſhall in a little ume 
follow: In the Interim I beg you'll grant me leave to remain with 
e much Reſpect | 


Reverend STR, 1 a | 
ut &« Your moſt obedient and devoted bumble Servant, | 


F. R. S. Berl, and Swed: 
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33. Tur Compreſſion of Air by different Depths of Water is mea 
ſur d, and confequently any Depth of the Sea, by a Machine contrived + - 
by Dr. Stephen Hales and myſelf,” which 1 ſhewed the Royal Society 
in November 1728; and of which here follows the Account that I then 
gave in. There have been ſeveral Machines contrived for meaſuring the 
different Depths of the Sea, eſpecially ſuch as could not be determuned 
by the Lead and Line; but as thoſe Machines confiſted of two Bodies 
(the one ſpecificallylighter and the other ſpecificallyheavier than Water) 
ſo joined together, that as ſoon as the heavy one came to the Bottom, 
the lighter ſhould get looſe from it, and emerge; and the Depth was to 
be eſtimated by the Time of the Fall of the compound Body from the 
Top to the Bottom of the Water, together with the Time of the Emer- 
fion of the lighter Body, reckon'd from the difappearing of the Machine, 
till the emergent Body was ſeen again, no certain Conſequence could be 
drawn from fo precarious and incomplete an Experiment? 

For even in till Water, and in the ſame Plate, the Time will hard- 
ly be the ſame in two Experiments: Much lefs will this Machine anſwer 
in the Sea, on account of the Waves and Currents, and many other 
Hindrances. ; | | ie 5 
Bur as the Preſſure of Fluids in all Directions is always the ſame at 

the ſame Depth, a Gage which diſcovers what the Preſſure is at the 
Bottom of the Sea, will ſhew what the true Depth of the Sea is in that 
Place, whether the Time of the Deſcent of the Machine be but a Mi- 
nute or two, or twenty Times as long. wn; 28 auer of 


Tux Reverend Dr. Hales, in his Vegetable Statichs, deſcribes his Gage 
for eſtimating the Preſſures made in opaque Veſſels; where Honey being 
ory over the Surface of Mercury in an open Veſſel, riſes upon the 
urface of the Mercury as it is preſſed up into a Tube whoſe lower Ori- 
fice is immers d into the Honey and Mercury, and whoſe Top is herme- 
tically ſealed. Now as bythe Preſſure, the Air in the Tube is condens'd, | 
and the Mercury riſes, ſo the Mercury comes down again when the | 
Preſſure is taken off, and would leave no Mark of the Height to which _ 
it had rifen; but the Honey (or Treacle, which does better) which is 4 
upon the Mercury, ſticking to the Inſide of the Tube, leaves 4 Mark, | 
which ſhews the Height to which, the Mercury had riſen, and conſe- 4 
quently makes appear what was the greateſt Preſſure. | | 
My Contrivance therefore is a Machine which will carry down Pate 20. d | 
Dr. Hales's Gage to the Bottom of the Sea, and immediately bring Kup t 4 
again. See Fig. . A B the Gage-Bottle, F f the Gage-Tube cemented ni 
[ 

| 

| 


tw the Braſs Cap of the Bottle at G, with its open End f immerſed ac "Mi 
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the Mercury C, which by the Preſſure of thirty-two Feet of Water is 
cartied up to d with a ele Treacle or Honey d upon it, raiſed up from 
D, a ſmall Thickneſs of Treacle pour d on upon the Mercur. 
Wurm the Preſſure of Water is from a Depth of 64 Feet, and Mer. 
cury and Treacle. riſe up to E, + of the Height of the Tube; and fo 
higher proportionably to the Depth 
N. B. A Scale may be marked. on the Tube with a Diamonds . 
K is a Weight hanging by its Shank L in a Socket I, fixed at the 
1 MB cemented at the Bottom of the Bottle. When the Hole L of 
the Shank is ſhov'd up to m, the Catch / of the Spring 8 holds it from 
falling out of the Socket, whilſt the Machine is deſcending. But as 
ſoon as K touches the Ground at the Bottom of the Sea, the Hole L riſing, 
the Catch flies back and lets go the Weight, as it is ſeen in the Figure. 
Then the empty Glaſs Ball I, (which at Sea may be a Hog's Bladder) 
riſes up to the Surface of the Water with the Machine, in which obſerv- 
ing how high the Inſide of the Tube is daub'd, the Preſſure, and conſe- 
quently.the Depth of the Sea is known. a 
H, is a Braſs Tube to guard the Top of the Gage - Tube. 
Tuxxx are Holes at F, G, and E, to admit the Water to pals freely 
every where. FP ot ge rt nth | 
Io confirm the Uſe of this Sea - Gage, ſhewn before the Society, I made 
another Experiment in the following manner. Having pour'd ſome 
Quickſilver into the Bottle of the Gage, I pour d on upon it Treacle to 
the Depth of half an Inch, then ſcrewed on the Braſs Capof the Bottle 
to which the Glaſs Gage-Tube was cemented; by which means the open 
End of the Tube was brought under the Surface of the Mercury, the 
ſealed End being upwards. The Machine thus fitted, was immerſed in 
a Cylindric Veſſel of Water, which with the Plate at Top was preſſed 
between two Pillars, in ſuch manner that Air might be condenſed over 
the Water without eſcaping. Then having forced in ſo-much Air with 
a Syringe as to lay on a Preſſure equal to what would be in a Depth of 
40 Feet of Water, I open the Cock of the upper Plate, let out the Air, 
and, upon taking out the Machine, it appeared how high the Quick- 
1 7 oO in the Gage-Tube, by the greaſy Mark which the Treacle 
eft within. | | | 


Dx. Hales has fince made more Experiments of this ſort, and pro- 
pos d another Sea- Gage for vaſt Depths; of which we ſhall gave an Ac- 
comt in the Notes . 1 | 20 
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- +» Of the RESISTANCE of Fluids. 


two Cauſes. The firſt is the Coheſion of the Parts of the Liquid; 
A Body in its Motion, ſeparating the Parts of a Liquid, muſt overcome 
the Force with: which thoſe Parts cohere, and thereby its Motion is re- 


tarded. The ſecond is the Hertia, or Inactivity of Matter, that belongs 


to all Bodies, which is the reaſon, that a certain Force is required to re- 
move the Particles from their Places, in order to let the Body paſs. The 
Body acts upon the Parts to remove them, and they diminiſh its Motion 
by Reaction. 1 

Tue Retardation from the firſt Cauſe, that is, the Coheſion of Parts, 
is always the ſame in the ſame Space, the ſame Body remaining, be the 
Velocity of the Body what it will. The ſame Coheſion is to be over- 
come in every caſe; therefore this Reſiſtance increaſes at the Space run 
through, in which Ratio the Velocity alſo increaſes ; therefore it is as the 
Velocity itſelf. | 

Tux Reſiſtance ariſing from the Inertia, or Inactivity of Matter, 
when the ſame Body moves thro' different Liquids with the ſame Velo- 
cities, follows the Proportion of the Matter to be removed in the fame 
Time, which is as the Denſity of the Liquid. | 

WHEN the ſame Body moves thro' the ſame Liquid with different 
Velocities, this Reſiſtance increaſes in proportion to the Number of Par- 
ticles ſtruck in an equal Time, which Number is as the Space run thro' 
in that Time, that is, as the Velocity. But this Reſiſtance does farther 
increaſe in proportion to the Force with which the. Body runs againſt 


every Part; which Force is alſo as the Velocity of the Body. And 


therefore if the Velocity is triple, the Reſiſtance is triple from a triple 
Number of Parts to be remov'd out of their Places. It is alſo triple from 
a Blow three times ſtronger againſt every Particle; therefore the whole 
Keſiſtance is ninefold, that is, as the Square of the Velocity. 

A Boy therefore mov d in a Liquid is reſiſted partly in a Ratio of 
the Velocity, and partly in a duplicate Ratio of it. The Reſiſtance from 
the Coheſion of Parts in Liquids, except glutinous ones, is not very ſen- 
ible in reſpect of the other Reſiſtance : which as it increaſes in a Ratio 
of the Squares of the Velocities, but the firſt-in a Ratio of the Velocity 
itſelf; by how much the Velocity increaſes, by ſo much more do theſe 
Reſiſtances differ amongſt themſelves: wherefore, in ſwifter Motions the 
Reſiſtance alone is to — conſidered, which is as the Square of the 
Velocity. ö. - et 756 $7568, 
Vos. U. G 8 1 


LL the Bodies mov'd in Fluids ſuffer Reſiſtance, which ariſes from Le c. IX. 
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| I 8nALL not now treat of tenacious or glutinous Liquids, nor of flow 


Motions, in which the Reſiſtance ariſing from the Coheſion of the Parts 
muſt be conſider'd. ; . ag oe 2a . 
Ir a Liquid be included in a Veſſel of a priſmatical Figure, and there 
be moved along in it with equal Velocity, and a Direction parallel to the 
Sides of the Priſm, two Bodies, the one ſpherical, and the other cylindric, 
ſo that the Diameter of the Baſe of this laſt be equal to the Diameter of 
the Sphere, and the Cylinder be mov'd in the Direction of its Axis, 
theſe Bodies will ſuffer the ſame Reſiſtance. To demonſtrate this, ſup- 
poſe the Bodies at reſt, and that the Liquid moves in the Veſſel with the 
fame Velocity that the Bodies had; by this the relative Motion of the 
Bodies and the Liquid is not changed, therefore the Actions of the Bodies 
on the Liquid, and of the Liquid on the Bodies, are not changed. The 
Retardation which the Liquor ſuffers in paſſing by the Body, ariſes only 
from this, That in that Place it is reduced to a narrower Space, but the 
Capacity of the Veſſel is equally diminiſhed by each Bod 3 therefore 
each Body produces an equal Retardation. And becauſe Action and Re- 
action are equal to one another, the Liquids act equally upon each Body; 
wherefore alſo each Bodyis equallyretarded, when the Bodies are moved, 


and the Liquid is at reſt. 


Tnis Demonſtration will alſo obtain, tho'the Veſſel be ſuppos d much 
bigger; and it will do in an infinite Liquid compreſfs'd; therefore it may 
be referr'd to Bodies deeply immers'd. Here we ſpeak of a continuous 
Liquid, and whoſe Parts cannot be reduced into a leſs Space by Preſſure; 
otherwiſe there wilt be an Accumulation before the Body, and a Re- 
laxation behind; and ſo much the more, the more blunt the Body is; 
which alſo cauſes a greater Irregularity in the Motion of the Liquid, 
and a greater Retardation in the Motion of the Body. _ | 

WHEN a Body is mov'd in any Liquid along the Surface, the Liquid 
is rais'd before the Body, and deprefs'd behind; and theſe Elevations and 
Depreſſions are greater, the more blunt the Body is, and by that means 
it is more retarded ; for there is alſo a greater Irregularity in the Motion 
of the Liquid in this caſe, which till more increaſes the Retardation of 
the Body. This is alſo true, if the Body be not immerſed deep; yet in 
that caſe the Irregularity of the Motion of the Liquid is the chief Cauſe 
of the Retardation. 18 

THEREFORE, to take away theſe Irregularities, we muſt conſider 
Bodies as deeply immers'd, and give Rules ralating tothem ; by which 
the Retardations in ſeveral caſes may be compar'd together. We ſup- 

ſe the Bodies ſpherical, tho the Demonſtrations will ſerve for all ſimi- 
ar Bodies mov'd in the ſame manner, . A 


HERE 
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HERE you muſt obſerve, that the Reſiſtance is to be diſtinguiſh'd Lect. IX. 
from the Retardation; the Refiſtance produces the Retardation, When 


we ſpeak of the ſame Body, the one may be taken for the other, becauſe 


they are in the ſame Proportion; but, ſuppoſing the Bodies different, the - 


ſame Reſiſtance often generates different Retardations. Fromthegifferent 
Reſiſtance ariſes a Motion contrary to the Motion of the Body; the Retar- 
dation is the Celerity, and the Reſiſtance itſelf is the Quantity of Motion. 

LeT the Bodies be equal, but of different Denſities, and mov'd thro' 
the ſame Liquid with equal Velocity, the Liquid acts in the ſame manner 


upon both; therefore they ſuffer the ſame Reſiſtance, but different R- 


tardations; and they are to one another as the Celerities, which may be 


generated by the ſame Forces in the Bodies propos d; that is, they are 
e Quantities of Matter in thoſe Bodies, or inverſly as the 


inverſly as 
Denſities. | 3 

Now, ſuppoſing Bodies of the ſame Denſity, but imequal, mov'd 
equally faſt thro the ſame Fluid, the Reſiſtances increaſe according to 
their Superficies, that is, as the Squares of their Diameters ; the Quan- 
tities are increas'd in proportion to the Cubes of the Diameter, the Re- 


ſiſtances are the Quantities of Motion, the Retardations are the Celerities . 


ariſing from them, dividing the Quantities of Motion by the Quantities 
of Matter, you will have the Celerities ; therefore the Retardations are 
directly as the Squares of the Diameters, and inverſly as the Cubes of 
the Diameters ; that is, inverſly, as the Diameters themſelves. _ 

Ir the Bodies are equal, move equally ſwift, and are of the ſame 
Denſity, but are mov'd thro' different Liquids, their Retardations are as 
the Denſities of thoſe Liquids. 7 | 

Wuxrn Bodies, equally denſe and equal, are carried thro' the ſame 
Liquid with different Velocities, the Retardations are as the Squares of 
the Velocities. | 

FRoM what has been ſaid, the Retardations of any Motions may be 
compar'd together, for they are firſt, as the Squares of the Velocities; 
ſecondly, as the Denſities of the Liquids, thro' which the Bodies are 


mov'd; thirdly, inverſly, as the Diameters of thoſe Bodies; laſtly, in- 


verſly, as the Denſities of the Bodies themſelves. 

Tux Numbers in the Ratio, compounded of thoſe Ratio's, expreſs 
the Proportion of the Retardations, multiplying the Square of the Ve- 
— by the Denſity of the Liquid, and dividing the Product by the 
Product of the Diameter of the Body multiplied into its Denſity, and 
working thus for ſeveral Motions, the Quotients of the Diviſions will 
ſtill have the ſame compound Ratio-to one another. * 
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; . Le& IX. TRESsH Ratardations may be alſo compar'd together, by comparing 
=> the Reſiſtance with the Gravity. It isdemonſtrated, that the Refiſtance 
a of a Cylinder, which moves in the Direction of its Axis (to which the 
mo Reſiſtance of a Sphere of the ſame Diameter is equal) is equal to the 
; Weight of a Cylinder made of that Liquid, thro which the Body is 

mov'd, having its Baſe equal to the Body's Baſe, and its Height equal to 
half the Height, from which a Body falling in vacuo may acquire the 
Velocity with which the faid Cylinder is mov'd thro' the Liquid. 
From the given Celerity of the Body mov'd, the Height of the Liquid 
Cylinder is found, as alſo the Weight of it from the known ſpecifick 
. Gravity of the Liquid and Diameter of the Body. Leta Ball, for Example, 
of 3 Inches Diameter be moy'd in Water with that Celerity with which 
it woud go thro' 16 Foot in a Second: Frotn what has been ſaid of 
falling Bodies and Pendulums, as alſo by Experiments made on Pendu- 
lums, it has been found that this is the Celerity which a Body acquires 
in falling from a Height of 4 Feet ; therefore the Weight of a Cylinder 
of Water, of 3 Inches Diameter, and two Feet high, that is, a Weight 
of about 6 Pounds, is equal to the Reſiſtance of the aforeſaid Ball. 
Lr the Reſiſtance ſo diſcover'd be divided by the Weight of the Body, 
which determines its Quantity of Matter, and you will have the Retarda- 
tion. By which Rule the Proportion of the ſeveral Retardations is diſ- 
cover'd, and found to be the ſame as is given by the foregoing Rule. 
A Boy freely deſcending in a Liquid is accelerated by the reſpeQive 
Gravity of the Body which continually aQts upon it; yet not equally, as 
in a Vacuum, the Reſiſtance of the Liquid occaſions a Retardation, that 
is a Diminution of Acceleration, which Diminution increaſes with the 
Velocity of the Body. For there is a certain Velocity which is the 
greateſt that a Body can acquire by falling; for if its Velocity be ſuch, 
that the Reſiſtance ariſing from it becomes equal to the reſpective 
Weight of the Body, its Motion can be no longer accelerated; for the 
Motion which is continually generated by the reſpective Gravity, will 
be deſtroy'd by the Reſiſtance, and the Body fore d to go on equably : 
the Body continually comes nearer and nearer to this greateſt Celerity, 
but can never attain to it. | 
WHEN the Denſities of a Liquid and a Body are given, you have the 
reſpective Weight of the Body; and by knowing the Diameter of the 
Body, you may find out from what Height a Body falling in vacuo can 
acquire ſuch æ Velocity, that the Reſiſtance in a Liquid ſhall be equal 
to that reſpective Weight, which will be the greateſt Velocity above- 
mention d. 9 Is 
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Diameter; which Height is to be increas'd in the Ratio in which the 
reſpective Weight of the Body exceeds the Weight of the Liquid, in or- 
der to have the Height of the Cylinder of the Liquid, whoſe Weight 
is equal to the reſpective Weight of the Body: but, if you double this 
Height, you will have a Height, from which a Body, falling in vacuo, 


acquires ſuch a Velocity as generates a Reſiſtance equal to this reſpective 


Weight, and which therefore is the greateſt Velocity which a Body can 
acquire, falling in a Liquid from an infinite Height. 

Leap is eleven times heavier than Water, wherefore its reſpective 
Weight is to the Weight of Water as 10 to 1; therefore a Leaden Ball, 
as it appears from what has been ſaid, cannot acquire a greater Velocity, 
falling in Water, than it would acquire in falling in vacuo, from an 
Height of 135 of its Diameter. | 

A Bop lighter than a Liquid, and aſcending in it by the Action of 
the Liquid, is moved exactly by the ſame Laws as a heavier Body fal- 
ling in the Liquid. Where-ever you place the Body, it is ſuſtained by 
the Liquid, and carried up with a Force equal to the Difference of 


the Weight of the Quantity of the Liquid, of the ſame Bulk as the Body; 


from the Weight of the Body, therefore, you have the Force that con- 
tinually acts equably upon the Body, by which, not only the Action of 
the Gravity of the Body is deſtroy d, ſo that it is not to be conſidered in this 
caſe, but by which alſo the Body is carried upwards by a Motion equa- 
bly accelerated, in the ſame manner as a Body heavier than a Liquid, 
deſcends by its reſpective Gravity; but the Equability of the Accele- 
ration is deſtroy'd in the ſame manner by the Reſiſtance, in the Af- 


cent of a Body lighter than the Liquid, as it is deftroy'd in the Deſcent 


of a Body heavier than the Liquid. 

WHEN a Body ſpecifically heavier than a Liquid, is thrown up in it, 
it is retarded upon a double account; on account of the Gravity of the 
Body, and on account of the Reſiſtance of the Liquid; therefore a Body 
riſes to a leſs Height than it would riſe in vacuo with the ſame Celerity. 
But the Defects of the Height in a Liquid, from the Heights to which a 
Body would riſe in vacuowith the ſame Celerities, have greater Proportion 
to each other than the Heights themſelves; and, in ict, Heights, the 
Defects are nearly as the Squares of the Heights, in vacuo. 

In the Annotations to our ſeventh Lecture, we have explain'd the 
Conduct and Expence of Water from Ponds and Reſervoirs ſufficient for 
Praftice ; now we will be yet more exact upon that Subject, giving the 

6 5 


Ir the Body be a Sphere, it is known that a Sphere is equal to à Cy- Lect. IX. 
linder of the ſame Diameter, whoſe Height is two third Parts of tha 
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Let. IX. unſderalioni and Experiments from which a great many of the pracbi. 
Ly cal Rules were at firſt deduc'd. | 


Plate 20. 


Fig. 10. | 


Moe ſhall here take particular notice of what happens to Liquids flow- 


ing out of Veſſels,” and the Irregularities f that Motion. 
Tur Quantity of a Liquid, which in a given Time flows from a 
given Hole, increaſes in Proportion to the Velocity of the Liquid going 


out; this depends upon the Height of the Liquid above the Hole, and 


it is no Matter to what Part the Motion of the Liquid is directed; there- 
fore the Squares of the Quantities flowing out, are in the Ratio of the 


Heights of the Liquid above the Holes. 


In Veffels which are not ſupplied by the flowing in of the Liquid, 
the Celerity of the Liquid flowing out is continually chang'd ; to which 
Regard. muſt be had, when you compare together the Times in which 
different Veſſels are emptied. | 
_ HrxRe we conſider cylindric Veſſels ; and what is here ſaid may be 
applied to any Veſſels that are of the ſame Bigneſs from Top to Bottom; 
we ſuppoſe the Liquid to flow out from a Hole in the Bottom. 
Tur Times in which cylindric Veſſels of the ſame Diameter and 
Height are emptied, the Liquid flowing from unequal Holes, are to 
each other inverſly as thoſe Holes. | | 
Wur the Veſſels are cylindric, unequal, and equally high, they 
are emptied thro equal Holes, in Times that are to one another as the 


Baſes of the Cylinders. 


LasTLy, Let there be two cylindric Veſſels, whoſe Baſes are equal, 
but their Heights, for Example, as 1 to 4, and let them be evacuated 
thro" equal Holes. The Times in which correſpondent Parts are emp- 
tied are as I to 2; becauſe in twice the Time with a double Celerity, 
a quadruple Quantity is emptied. But as the Times are in the ſame 
Ratio for each correſpondent Part, the Times in which the whole Veſſels 
are emptied are alſo, as 1 to 2. If the Veſle's are as 1 to , the Times 
will be, as 1 to 3; as the Heights of the Veſſels, fo are the Squares of 
the Times. 5 

EXPERIMENT 20. Plate 20. Fig. 10. 

LET there be three thin cylindric Veſſels of Metal A, C, B, boning 
equal Diameters, and whoſe Heights are, as 1, 3, and 4; let each o 
them have a Lip in the Top, to let the Water run out when it comes to 
a certain Height, which Lip muſt be reckon'd the Top of the Veſſel; 
in the Bottoms of the Veſſels A and B, which are as 1 to 4, let there 
be equal Holes, and let them be filled with Water ; let the Holes be 


open'd in the ſame Moment; if the Water running out of B be receiv'd- 
jn the Veſſel C, it will be Ald in the lame Time that A is evacuated. C 


contains 
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contains three Quarters of the Veſſel B; the Quarter which is left will Lect. x. 


alſo be evacuated in the ſame Time as the Veſſel A, which is evident to 
Senſe ; therefore A is emptied twice, whilſt B is emptied once. 
Tux Times in which any cylindric Veſſels are evacuated, are in a Ra- 


tio compounded of the Baſes, of the inverſe Ratio of the Holes, and of 


the ſquare Roots of the Heights. | Ya 
Tux cylindric Veſſel may be fo divided, that the Parts intercepted 
between the Diviſions ſhall be emptied in equal Times, which will hap- 


pen, if the Diſtances of the Diviſions from the Baſe be as the Squares of 


the natural Numbers; for the Times of the Evacuations of the Veſſels, 
. whoſe Heights are in that Proportion, are as the natural Numbers, and 
the Differences of the Times are equal. 8 

Tur Time in which a cylindric Veſſel is emptied, is as the Celerity 
with which the Liquid begins to run out; therefore the Celerity, while 
the Liquid. deſcends in the Veſſel, is diminifhed in the ſame Ratio as the 
Time of the Evacuation of the Liquid remaining in the Veſſel, and the 
Motion of a Liquid running out of a cylindric Veſſel, is equally retarded 
in equal Times. | | 

lr thro' equal Holes a Liquid runs out of a Cylinder, and out of an- 
other Veſſel of the fame Height, (and in which the Liquid is always ſup- 
plied, ſo as to be kept at the fame Height) in the Time in which the 
Cylinder is emptied, there runs out twice as much Water from the other 
Veſſel as from the Cylinder. 

BesIDEs the Irregularities from Friction, and the Reſiftance of the 
Air, there are ſeveral others ariſing from the Cohefion of Parts, even in 
Liquors that are not glutinous. I ſhall here only ſpeak of Water. We 


obſerve in relation to it, that tho' it be driven by the ſame Force in any 


Direction, the Height of the Water above the Hole remaining the ſame, 
yet it will deſcend the more ſwiftly in a vertical Direction; the Water in 
falling is continually accelerated in itsMotion, it coheres with the follow- 
ing Water, and accelerates that, and increaſes the Velocity of the Water 
flowing out of the Veſſel. | 

| EXPERIMENT 21. Plate 20. Fig. 10. . 

For this Reaſon the Motion out of a Veſſel, that has a Tube fix d to 
its Under-Side, is alſo accelerated. Let E be ſuch a Veſſel equal and 
ſimilar to the Veſſel A; and which, together with the Tube, makes up 
the Height of the Veſſel B; let the Tube have the Holes at buth Ends, 
equal to the Holes at the Bottoms of the Veſſels A and B; fill the Water 
in the Veſſels A, E, and B. In the Beginning of the Motion, the Water 
flows from the Veſſel E and B with equal Celerity, becauſe the Heights 
of the Water above the Holes, from which the Water goes out, _ 

: equal; 


| 1 N Plate 20. 
= Fig. 10. 
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cauſe there cannot run a greater Quantity of Water out of the Tube than 


what comes in at the upper Hole of the Tube, into which Hole no more 
Water can run in, than what can flow out of the Veſſel A. Since the 


Parts of the Water cohere, the Water; which runs out, accelerates that 
which runs into the Tube, and this laſt retards that which runs out; and 
ſo the Quantity of Water, which in a certain Time runs out of the Veſſel 
E, is a mean Quantity between the Quantities of Water that can run out 


at the ſame Time from the Veſlels A and B. 


ExPERIMENT 22. Plate 20. Fig. 10. 3 
Tur Veſſels A, E, and B, being made of ſome thin Metal, in the 
Proportions above - mention d, fill with Water A and E; having open'd 
the Holes at the ſame Inſtant of Time, the Water of the Surface at E 
will deſcend faſter than at A; on the contrary, if you make uſe of the 
Veſſels E and B, it will deſcend faſter in the laſt than in the firſt. 
Lr the upper Hole of the Tube, by which it communicates with the 
Veſſel, remain as before; and the lower Hole be open d wider: then a 
greater Quantity of Water will flow out, and the Water which goes into 
the Tube will be more accelerated; this Hole may be made ſufficiently 
wider without altering the Length of the Tube; inſomuch, that a greater 
Quantity of Water ſhall flow out from it than from the Veſſel B. In 
that Caſe thro' the upper Hole of the Tube, at a ſmall Depth below the 
Surface of the Water, there flows out a greater Quantity of Water, than 
from an equal Hole four Times the Depth. The ſame may be done by 
applying a longer Tube, without widening its lower Hole. 


| EXPERIMENT 22. Plate 20. Fig. 10. 

TAKE the Veſſel F no way different from the Veſſel E, but in hav- 
ing the lower Hole of its Tube bigger; take alſo the above-mention'd 
Veſſel B. The Diameters of the Hole in the Bottom of this, and of the 
upper Hole of the Tube, which is join d to F, are of four Lines (Sof an 
Inch) the lower Hole of this Tube is of five Lines. Let the Veſſels be 
fill d with Water; and let the Water begin to run out of both at the ſame 
Moment; the Surface of the Water in F will deſcend faſter than that of 
B. The Veſſel B is about. 16 Inches high. 


End of the NinTu LECTURE, 
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R. CLA RK E, a Turner and Engine-Maker, who lives (or may be Annotat- 
M heard of) at Tork. Buildings Water- Works, having found that very Lect. IX. 
few (even of the beſt) Hydrometers of Glaſs had their Stem ſo truly x 


cylindrical, that one might depend upon their Diviſions ; and that the hy- 
droſtatical Balance (the only certain Inſtrument for finding the different ſpeci-- 
fick Gravity of Liquors exactly) cannot well be carried in the Pocket, and 
much leſs managed and underſtood by Perſons not uſed to Experiments; was 
reſolved to perfect the Hydrometer, for the Uſe of thoſe that deal in Brandies 
and Spirits, that by the Uſe of the Inſtrument they may, by Inſpection, and 
without Trouble, know whether a ſpirituous Liquor be Proof, above Prodf, 
or under Proof, and exactly how much above or under; and this muſt be of 
great Uſe to the Officers of the Cuſtoms, who examine imported or exported 
Liquors. | | 0 | 

2 having made ſeveral fruitleſs Trials with Ivory, becauſe it imbibes 
ſpirituous Liquors, and thereby alters its Gravity, he at laſt made a Copper 
Hydrometer, repreſented by Fig. 11. having a Braſs Wire of about + of an 
Inch thick going through, and folder'd into the Copper Ball B 3. The upper 
Part of this Wire is filed flat on one Side, for the Stem of the Hydrometer, 
with a Mark at m, to which it ſinks exactly in Proof - Spirits. There are two- 


other Marks, A and B, at Top and Bottom of the Stem, to ſhew whether the 


Liquor be e above Proof, (as when it ſinks to A) or s under Proof, (as 


when it emerges to B) when a Braſs Weight, ſuch as C, has been ſcrew'd on, 


to the Bottom at c. There are a great many ſuch Weights of different Sizes, 
and marked to be ſcrew'd'on, inſtead of C, as K, &c. tor Liquors that differ 
more than 4% from Proof, ſo as to ſerve for the ſpecifick Gravities in all fuch 
Proportions as relate to the Mixture of. ſpirituous Liquors, in all the Variety 


made uſe of in Trade, N. B. | Procf-Spirits, whether Brandy, Rum, &c. r 


Engliſh Spirits, weigh ſeven Pounds, 12 Ounces, per Gallon. 


Tuc at arealſoother Weights tobe ſcrew'd on for ſhewing the ſpecifick Gravi- 


ties quite to common Water, which makes the Infirument perfect in its kind. 

N. B. The round Part of the Wire above the Ball may be markd a-croſs, as 
repreſented in Figure 12; that when the Weight, as C, which fits the Inflrue” 
ment for the Trial of  River-Water that finks it to R W, it may ſerve fur 
I ines, or other Waters, which differ ſo little, tbat it may ſhew their Diffe- 


rence upon the Marks on the Stem, without putting on another Wight at Bot- 
tom. At SP, Spring- Mater; at MT. Mineral- Mater; at SE, "— 
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Annotat. and at S A, the Water of Salt Pprings may be denoted : whilft the Marks above, 

-LeR. IX. viz. b r, ra, po, mo, come down to the Surface of the Water in the Veſſel, in 
2 which the Hydrometer ſwims, when it is ſucceſſively put into Briltol-Water, Rains. 
| ge ?0 Water, Port Wine, and Mountain Wine. ' 
8. 72, 73* PERSON who are uſed to drink no other Liquor but Water, will by their 
2 Taſte diſtinguiſh when there is but little Difference in the ſpecifick Gtavity; 
that being the pureſt and whole ſomeſt Water, which is the lighteſt. I made 
an Hydrometer once for a Friend, to diſtinguiſh thoſe Differences ſo nicely, 
=—_ that it would ſhew when one kind of Water was but 544 Part heavier than 
ö another. It was made in the following manner, as repreſented by Fig. 13. 

Plate 20. C Bb is an hollow Glaſs Ball of about three Inches Diameter, with 

| 8 a {mall Ball under it, of about an Iach Diameter. There is a ſhort fmall 

1 Neck at C, on which is. fix'd a Braſs Head with a fine Screw, into which 

114 the little Piece C c is to be ſerew'd, which is join'd to a Wire CA of about 

= Ds of an Inch Diameter, and 10 Inches long, and by ſenſible Marks divided 

into Inches, and Tenths of Inches. Having put a certain Quantity of ſmall 
it | Shot into the Ball 4, fo that when the Head Cc. mith its Wire CA is ſcrew'd 

14 on, it ſhall ſink. as far as D (for Example, five Inches) in River or ſuft 

4 ; Spring- Water; by obſerving how far this Hydrometer finks lower in one 

i kind of Water than another, one may know their different ſpecifick Gravity 

1 to a 4o000th Part, which correſponds: with one Tenth of an Inch mark'd on 

= the Stem AC. The Truth of this Nicety is prov'd in the following manner: 

4 When the Hydrometer floats in Water in the Jar I K LM, (Fig. 13.) the 

1 Surface of the Water cutting the Stem at D, if you lay a Grain Weight upon 

; | : the Top of the Stem at A, the Inſtrument will fink ſo, that the Mark D of the 
; | Stem will ſettle one Inch under the Surface, which will ſhew that a Grain will 

f fink it an Inch. When this Hydrometer is weigh'd in a Balance, it is found 

to weigh 4000 Grains, (and knowing before · hand that every Inch of the 
duated Wire weighs 10 Grains) therefore the Part of it OC BID muſt 

„. 9 Ne 4, weigh 3950 Grains. Now by what has been ſaid “, a Bulk of Water equal 

Page 189, to DC BHC D, the immers'd Part, weighs juſt as much as the whole Hydro- 
metef, viz. 4000 Grains, therefore we do by this Inſtrument compare to- 
gether the different Bulks of 4000 Grains of Water, according to their diffe- 
rent ſpectfick Gravities ; and ſince the whole Inſtrument is ſunk an Inch by 
the Weight of one Grain, and the Inſtrument will ſtand at one Tenth of an 
Inch, (the Difference that it will ſhew in Waters in which it floats) it is evi- 
dent that it will diſtinguiſh the Tenth of a Grain in 4000, or the 4o00ooth 
Part of the whole Bulk of the Water. N. B. By altering the Quantity of 
Shot in the Ball 5, the Inſtrument may be prepar'd for the Compariſon of any 
two other Liquors, that are of nearly the ſame ſpecifick Gravity. 

2. [8.—— How to do this, let the Proportion of Gold and Silver be what it 
wilh, will be fſhewn in the Notes.) The Problem which Archimedes ſolv'd, in 
finding what Quantity of Gold was in the Crown, may be thus expreſs'd. 

I. xx a Mixture of two Metals be given; it muſt be found how much of 
each Metal is, contain'd in the Mixture, if the Denſities of the Metals and 
% NT ICAIEINGE Fi "a 544 

aq . _— 
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- Lex the Denlity of the Metals be AB,. AD; (Plate 20. Hg. 14.) and Anhotat. 
the Denſity af the Mixture be A C. Let alſo AL and LI be as the Bulk Lect. IX. 
of the firſt and ſecond/ Metal in the Mixture. Let us ſuppoſe the Rectangle. 
AF, LH, A G to be drawn. * 200 
Tus Weight of the firſt Metal in the Mixture may be repreſented by the '& 
Rectangle AF; and in this Caſe the Rectangle L. H repreſents 5 Weigbt 
of the ſecond Metal; and the Figure A BFM HI A reprefunts the Weight. 
of the whole Mixture; this is aſſo hewn by the Rectangle ACGH, wine 
tor that reaſon is equal to the Figure mention'd. . 
Tak INGO away from each Side the Figure ACN M HE common to both, 
there remain the equal Triangles BN, NH}; whoſe Sides are reciprocally 
proportional, FN being to N M, as NG to NC; that is, as LI to AE; 
therefore FM has the ſame Ratio to F N, as Al to L. I. So that the Bulk 
of the Mixture : is to the Bulk of the ſecond Metal in the Mixture : : as the ; 
Difference of the Denſities of the Firſt and ſecond Metals: to the Difference of 
the Denſities of the firſt Metal and the Mixture. — 2 | 
Bur the Weight of the whole Mixture is to the Weight of the ſecond Me- 
tal in the Mixture, in a Ratio compounded of the Denſities of the Mixture 
and the ſecond. Metal, and the Ratio of the Bulk of the Mixture and the 
Bulk of the ſecond Metal in the Mixtute ; i. e. as the Product of the Denſity 
of the Mixture, by the Difference of the Denſities of the Metals, is to the 
Denſity of the ſecond Metal, multiplied into the Difference of the Denſities of 
the firſt Metal and the Mixture. | "LS | Os” + ; 
Tuis Solution is founded upon the Suppoſition that each of the Metals keep 
their whole Bulk in the Mixture; for if fone of the Parts of the one penetrate 
into the Pores of the other, the Solution will not be exact. For no Man can 
ſay that in every Mixture of Metals there is only an Appoſition of the ſmall 
Parts to each other; becauſe the Denſity of Copper may be increas'd by 
melting Tin with it: for Bell -· Metal and Cannon Metal, a Mixture of theſe 
two Metals in different Proportions, is ſpecifically heavier than Copper, and 
therefore I would recommend this chiefly for Gold and Silver. 
3. 10. — 8 the Notes, where this Problem is ſolv'd alf ebraically.] Let 
the ſpecifick Gravities be denoted by theſe Letters, as Noc zent 
The Fluid = 1. 
The heayy Body A 
Their reſpe&ti — che fans Vieight'» 5procll proportion * 
eir reſpective of the ſame Weight will be reci onal to 
thoſe Exponents: thus they may be — ole 0 „ 307 36 
7 528 Fluid - mY Ei 7 4463 9100 5% 1 
Lighter Body = =, to which let us ſubſtitute 3. : 
Now if the. abſolute Weight of one of the Bodies be given, as here, the 
heavieſt, let us call ir &, and the 'unkno'sn Weight of the ligliter x, their ; 3541 
Bulks will be expreſs'd by b ur and & , and their total Bulk + +45: muſt 24 136% 
be equal to the Bulk of an equal Weight of Water 4 % ＋ w, . 
2 ave 
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Annotat. have this Equation, bu + xs = bw +xw; which AY . 


Plate a0. 
Fig. 15. 


Lect. IX. Value of *. 5 \ bw—bu=Xx5—xXW.. 
N rang Otherwiſe © — ='x, which was to be found. 
' * | EP * 
Otbertuiſe: 


3 the Weigh of the heavy Body = 4, of the Cork = =, and the ſpeci- 
tick Gravities of the heavy Body & = 10, of the Cork = +» of the Water = 9. 
Since the Weights are as the ſpecifick Gravities multiplied by the Bulks, 


75 Bulks are as the Weights divided by the ſpecifick Gravities; that is, = and 


<= will repreſent the Date 7 the heavy Body, and of the Cork; 3 
* their joint Bulle will be 2 16 E=WELE, which being moltiplied by 


9s (the ſpecifick Grevity a" the Water) muſt make a Weight of Water 
, equal to the Weight of the Body and the Cork er + *. 


Whents 5 5 + 40x=10b +x; 
That is gox=56 


1 35 2 And who 3 51g „ by lng 


MER sevin, to have the Proportion of the Bulk of Cork to'the Bulk of 
Us heavy Body, fince thoſe Bulks are as the Weights divided r the ſpecificæ 


' Gravities, they will be as , and —, 


25 
As 15 to a, 22, Ge. or 25, or ,, | | 
or as 135 to 20. | . LE nl 


1 {21 — e into à ligbier Fluid, er 4 Kae From this 
Conſideration a ludicrous Queſtion may be ſeriouſly anſwer'd, viz. which is 
heavieſt, a Pound of Feathers, or a Pound of Lead? Let a Pound be placed in 
the Scale of a Balance, and as many Feathers put into the other Scale, as will 
bring it to an Ægquilibrium with the Lead. Then it may be ſafely pronounc'd, 
that thoſe Feathers are heavier than the Lead: becauſe whenias much Matter 
in the Shape of Feathers as the Lead contains, has been put into the Scale, the 
Feathers then loſe of their Weight in the Air as much as an equal Bulk of Air 
weighs, (for Exampler + of an Ounce, whereas the Lead loſes only one Grain) 
and therefore an Handful or two of Feathers muſt be thrown into the Scale, to 
reſtore the Aquilibrium loſt by the Bulk of the Feathers. + . - 

And if we could take away the Air which makes this Dilfirence, the Fea- 
thers would appear to be, what they really are, much un than the Lead. 
This will be better illuſtrated by the following | 


|  ExPerIMENT 1. Plate 20. Fig. 15. 

In a Glaſs Receiver ELL, ftanding on the Plate of the Air-Pump LL, there 
hangs up, from the Machine D E, a little nice Balance @ h, in one of whoſe | 
oma is plac'd an Ounce of Lead p, and in the other a Cube of Cork c, which | 
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keeps it in Æguilibrium. Upon pumping out the Air from the Glaſs, the Annotat. 
Cork c will over-weigh; and upon letting in the Air again, the Æguilibrium Lect. IX. 
will be reſtor' d; becauſe the returning Air ſupports again what the Cork ha. 
more of Matter than the Lead. 


12. — ut that Micety is overlooł d in common Uſe.) As it follows from 
what we have ſaid, that he who buys wrought Gold in foul Weather, when 
the Air is light, by the Weight of Braſs, has a ſmall Advantage in compariſon 
of him who buys it when the Air is heavy: and he that buys Diamonds, on 
the contrary, will have an Advantage when the Air is heavy; what this Ad- 
vantage is I will here ſhew. Firſt, let us conſider in general, that the ſpeci- 
fically lighter a Body is, the more additional Matter it muſt have to make 
Agquilibrium with a Body ſpecifically heavier; and when the Air is become 
much heavier, as we may {ce by the Birometer, ſuppoſe one Tenth, it will 
loſe ſtill more of its Weight than its Counterpoiſe, 1n proportion as it is ſpe- 
cifically lighter, which will diſturb the Aqui/ibrium, that cannot be reſtor'd 
without adding Matter to the ſpecifically lighter Body: thus therefore when 
GolTis counterpois'd with Braſs in foul Weather, (ſuppoſe when the Baro- 
meter ſtands at 28) the Braſs will become lighter in very fair Weather, (ſup- 
poſe when the Barometer ſtands at 31, and the Air has increag'd its ſpecifick 
Gravity g) and there muſt be more added to the Braſs (that is, the Weights 
muſt become more in Name) to make an Æguilibrium, to the Diſadvantage 
of the Buyer of the Gold. On the contrary, ſince Diamonds are ſpecifically 
lighter than the Braſs of which the Weights are made, in very fair Weather 
Matter muſt be added on the Side of the Diamonds, (that is, Diamonds muſt 
be added) to reſtore the Æquilibrium, without calling the Weights more, tho? 
the Diamonds are increas'd in Quantity, to the Advantage of him who buys 
the Diamonds then. But an Example will ſhew how {mall the Gain' is in 
theſe Caſes, | | ; 

Firſt for Gold. As the Braſs Weights commonly made uſe of ate generally 
made of Pot-Metal which has Lead in it, they are ſpecifically heavier than 
common Braſs; ſo we will, for the Facility of Calculation, ſuppoſe that Me- 
tal of half the ſpecifick Gravity of Standard Gold. 

A BuLx of Gold equal to a Pound of Braſs Weights, weighs two Pounds, 
and loſes one Grain of its Weight in the Air in foul Weather, (when the Ba- 
rometer ſtands at 28 Inches.) A Weight of Braſs equal to this Gold is in 
Bulk ſeven cubick Inches; therefore loſes two Grains of its Weight in Air, 
(the Barometer ſtanding at 28 Inches.) | 7 ' 

THzsz two Metals are in æguilibrio in foul Weather; but the Weather be- 
coming ſerene, and the Air ,*; heavier, the Barometer ſtanding at 31, the 
Agquilibrium is loſt, the Gold over-weighing ; for the Gold now loſes but > 
of a Grain more than it did in the laſt Æguilibrtum, viz. one Grain and e of 
a Grain: whereas the Braſs loſes Fg of a Grain more than it did, via. two 
Grains and r of a Grain; which being g of a'Grain more. than the Gold | 
loſes, we muſt add that Weight to the Braſs, to reſtore the Ægquilibrium in 
this Caſe, whereby we ſhall call the Gold of a Grain more than it pres 
ö bs 1s > 
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- Annorat. this in Value is the fiſch Patt of a- Penny, .reckoning Gold at Two-penge 5 


1 


1 Leet. IX. Grain: or one Part in 118200. | 
h —— | Far Diamands this is the Calculation. of | 
a Is inſtead of the Gold we make an AÆpuilibrium in the Scale oppoſite to the 


5 two Pounds of Braſs Weights with Diamonds, their Bulk will exceed that of 
| the Brafs about three times, viz, in à reciprocal Propaxtion of their ſpecigick 
of Gravities. Then the Braſs loſing af its Weight in foul Weather two Grains, 
the Diamonds will loſe of their Weight fix Grains. SUM 6:ts 
Tuis being the State of the ÆAguilibrium; in fair Weather (the Barometer 
being at 31 lnches) the Braſs loſes two Grains, and 2 of a Grain, and the 
Diamonds loſe ſix Grains and 4% of a Grain, ſo that the Aiqrilibrium is 
broken by g of a Grain, which cannot be reſtor'd without adding , of a 
Grain on the Side of the Buyer, equal in Value to about one Part in 

28800. 79 1 L 4 


6. [13.——By an Herſe Hair, &c.} Horſe· Hair is made uſe of, becauſe 
. it is of the ſame ſpecifick Gravity as Water. * 5 


Ti Plate 19. 7. [26. The Manner of doing it in the Notes, &c.] See Plate 19. 
ig. 14. Fig. 14, The thing requir'd here is to make the Bubble B go down to the 
1 | Bottom at h, and the Bubble A ga up to a, by pouring in Water from the 
Veſſel C. In order to do this, things are to be thus prepar d: Let the Water 
ED be made very ſalt, and let the Bubble B, when it is ſo pois'd with Water 
in it as but juſt to ſwim in the Water E D, be hermetically ſeal d, fo that it 
may ſimk as ſoon as the Medium becomes thinner, by the pouring in of more 
Water. The Bubble A made juſt ſpecifically heavier than the ſalt Mixture, 
muſt have its Stem left open. The Change of Places will be made by pouring 
in warm Water from C. The Heat that warms the whole Fluid raretying the 
Air in the Bubble A, in its Expanſion it will drive out ſome of the Water gon- 
tain'd in it, and thereby becoming ſpecifically lighter, riſe up to 2 whillt B 
ſinks down to i, becauſe the whole Medium being made lighter by the Mix- 
* 2 Water, B, which was but juſt buoyant before, will be no longer 
uſtain'd. nets | | 4) os | | 
N. B. This muſt not be kept long in the Condition in ubich it is after the Expe- 
riment; becauſe upon tbe cooling of the Liquor the Air in A will be condens'd again, 
and the Bubble drawing in Water, will ſink. Kaan | 


[30.—8. A Rocket riſes by the unequal Preſſure of the expanding, Gun- Powder, 
As a great many People miſtake the Cauſe of the Riſe of a. Rocket, ſuppoſing 
that the Impulſe of the Flame againſt the Air cauſes a Re- action whick puſbes 
up the Rocket; I was willing here. to rectify the Miſtake, ſince the Rocket 
would riſe better in vacuo, the Air having nothing to do in its Riſe, but rather 
hindering it by its Reſiſtance againſt its upper Part. For firſt, if we ſuppoſe 
the Air's Reſiſtance at the Mouth of the Rocket equal to the-Impullie © the 
Flame, it will be as if the Rocket had no Vent; and therefore in that Caſe it 


muſt either burſt or remain immoyeable. If che Impulſe be gere, the Airs 


— — 


— — — 
1 < — —— 2 
— fe Dr - - 


= = 
— — ns — — . 
. —— Ü ̃⁵⅛———w . — ei. 
0 5 "4 


5 - „ 2 ＋ 2 r r * 
0 . —— — — > ac 2 as — 
3 — « * Vn. 


2 


* a 


Re · action againſt the er N yn cannot impel the Rocket up- Annorat, 
wards, unleſs the Flame ſhould be a folid Body. Laſtly, if the Impulſe Lee. IX. 
ſhould be leſs than the Force of the Air, no Flame can come out of tber 
Rocket. To underſtand the true Reaſon of the Riſe of a Rocket, we muſt 1 
firſt conſider it as if it had no Vent at the Choak or Mouth A, (Plate 20. Plate 20. 
Fig. 16.) and as ſet om Fire in the conic Space þ c dz the Conſequence of Fig. 6. 
which would be, either that the Rocket would burſt in the weakeſt Place, or 
that if all the Parts were equally ſtrong, and able to ſuſtain the Impulſe of 
the Flame of the Powder, the Rocket would remain immoveable. Now, as 
the Force of the Exploſion or Flame is equal — Way, let us ſuppoſe its 
Action towards A and towards E to be able to lift 40 Pounds; but as the 
Directions of thoſe Forces are equal and contrary, they will deſtroy each 
other's Action; then if you imagine the Rocket open'd at A, the Action of | 
the Flame downwards is taken quite away, and there remains a Force equal | 
to 40 Pounds acting upwards in the Direction Ac R, which carries up the | 
Rocket with its Stick FG. This will appear by obſerving” that when the 
Compoſition of the Rocket is very weak (ſo as not to give an Impulſe greater 
than the Weight of the Rocket and Stick) it will not riſe; if the Compoſi- 
tion be only ſlow, the Rocket will not riſe at firſt, whilſt the Action of the 
Flame upwards is only againſt c, the Vertex of the hollow Cone; but when 

the Compolirian is conſum'd as far as hi, the Flame acting upwards againſt 
a greater Surface, namely againſt hi, the Rocket will then rife up. The Uſe 
of the Stick is to keep it perpendicular; for if the Rocket ſhould begin to 
tumble, moving round the Point A, (which is the common Center of Gravity 
of the Rocket and Stick) the End G of the Stick F G would bear ſo much 
Air, and with ſuch Velocity, upon account of its Diſtance from A, that the 
Re-action of the Air by its Reſiſtance, muſt reſtore the Stick, and confe- 
quently the Rocket, to a perpendicular Poſition ; but when the Compoſition 
within the Rocket is quite conſum'd, and the Impulſe upwards is ceas'd, the 
common Center of Gravity will be brought down to F, the Velocity of G di- 
miniſh'd, and that of E increas'd; fo that the Rocket will tumble over, and 
fall with the End E' downwards, All the while that a Rocket burns, thecom- 
mon Center of Gravity is getting downwards, the faſter and the lower, the 
lighter the Stick is; ſo that ſometimes it tumbles over before it be burn'd 
out; but when the Stick being heavier, the Weight of the Rocket bears a leſs \ 
Proportion to that of the Stick, the common Center of Gravity will not get 
ſo low, and the Rocket will riſe ſtriat, tho* not ſo faſt. | 

Tus Mean between theſe muſt be found by poiſing the Rocket and Stick 
acroſs your Finger: if you would uſe a light Stick, poiſe ſo as to leave the 
Center of Gravity juſt at A, the Mouth of the Rocket; and for a heavy 
ain Ty not the Center of Gravity be lower than 5 or 6 Inches'off from the 

outh. ; 

AFTER having made and explained the Experiment of the 1th Figure of 
Plate 19. where httle hollow Images of Glaſs are made to riſe and fall, turn, | 
and dance in a Jar of Water, according to the different Preſſures - made with 1 e 
the Hand on the Bladder, which is tled over the Top of the Glaſs : 1 ys GC Wee", 
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monly ſet the Jar up between two Pillars in a Frame which ſtands near me, 
and ſcrew-it faſt down under the Top Crofs-bar, with the two Screws C and 


D, as to ſecure it from being broken becauſe it is tall and tottering, but really 
with another View. For in about a Quarter of an Hour's Time, after having 


made ſome other Experiments, I get up from the Table, and ſtanding at a 


Diſtance from the Jar, I ſpeak to the Images, which riſe and fall at the Word 


of Command, in the ſame manner as they did when I preſs'd my Hand on 


the Bladder before; which generally very much ſurpriſes ſome of y Audi- 
ence, when they find I have no Communication with the Figures: but as 
this latter Part is rather a juggling Trick and a mere Amuſement, than a Phi- 
loſophical Experiment, I intended to have omitted the Deſcription, and even 
the Mention of it; but ſeveral of my Friends deſired that I would publiſh the 
Contrivance'z to ſhew how much one may be impoſed upon by Confederacy, 
and beware of ſuch Deceits in Matters of Conſequence: The Generality of 
Mankind admiring that moſt, which they underſtand leaſt. I complied the 
more readily with this; becauſe my Buſineſs for theſe 33 Years paſt has been 
to clear up Phenomena, and explain the Operations of Nature and Art. 
Tae 19th Figure of Plate 20. is the Frame aboye-mention'd, into which 


the Glaſs Jar may be put at pleaſure, which Frame is prepar'd beforehand in 


the following manner: On the Board A B (Plate 20. Fig. 19.) there is a - 
little Hollow in the Middle for the Bottom of the Glaſs Jar to ſtand in; and 
an Hole g in the Bottom of the Top Croſs Piece E F, but not viſible, to re- 


ceive the Top of the Glaſs that is cover'd with Bladder. This Hole g is 
ſhewn in Fig. 21. which repreſents the lower Board of the croſs Top - piece, 


conſiſting of two Boards (ſee Fig. 20.) BBS, of which the upper one hides 
the above-mention'd Hole, and the reſt of the Contrivance, and Machinery, 
which is as follows. Fig. 19. E F is a Leaver that bas its Center of Mo- 
tion E in the Screw Part of the Pillar A C, in the Hollow between the two 
Boards of the Top piece; (See Fig. 20.) where one may ſee at g the preſſing 
Piece under the Middle of it (mark'd with the ſame Letter g in all the Fi- 
gures) which is drawn down to preſs like an Hand on the: Bladder of the Jar 
by a String S faſten'd to the End F of the Leaver, and fartheſt from the Cen- 
ter of Motion E. When the String is ſlacken'd, the End F of the Leaver 
is rais'd up again by a Spring #. (ſee Fig. 19, & 20.) to eaſe or quite take off 


the Preſſure on the Bladder of the Jar from the preſſing Piece, which it does 


well, as that Piece is a Segment of a Sphere of Wood, ſhewn beſt in Fig. 20. 
The End F of the Leaver moves in a Slit under D in the ſcrew'd Part of the 
Pillar B D to rife and fall in, but hidden in the Hollow. of. the croſs Top- 
piece. The String faſten'd to the Leaver at that End is continued down the 
Pillar DB, which is hollow all the Way, and fo thro? an Hole H in the Table 
TT. whereon the Frame is fet. -This String goes round the Pulley P under 
the Table at 8, from whence it is convey'd to another Pulley under the farther 


Side of the Table, where-it is managed by ſome of the Audience who fit on 


that Side and are in Confederacy with the Perſon that ſhews the Experiment, 


or {peaks to the Images, N. B. All kind of Preſſures and Jerks may be per- 


form'd by this. String and the Re- action of the Spring 3. V. B. Fig. 21, ſhews 


the horizontal Section of the Leaver and Pillars, and Jar, : 9 


4 Cotarfe\ of Experimental Philoſophy. 
Ye. ] 5 here give it in bis own Words, from his Vegetable Staticks. 


ADESCRIPTION OF AN/INSTRUMENT to meaſure the Depths of the 
e Sea. By Dr. Stephen Hales. a 
. IN my firſt Volume under Experiment 89, 209, I have propos'd a Me- 
6 thod for finding the Depth of the Sea, where the Line can't be uſed. 
Pf. Deſaguliers has put it in Practice, and ſhew'd the Experiment of it to 
the Royal Society, with a Machine that he has contriv'd, and of which he 
has given a Deſcription in the Philoſophical Tranſactions, N* 405. I ſhall 
here more particularly deſcribe how to prepare and graduate this Sea-Gage. 
* 2. SUPPOSE there be an Iron or Copper Tube, or a Muſket Barrel of any 

< Length ; as fifty Inches, having its upper End well cloſed up: If this 
< Tube be let down, in this Poſition, about thirty-three Feet in the Sea, for 
a Column of Sea-Water of that Height is nearly equal co the middle Weight 
of our Atmoſphere z then conſequently from a known Property of the Air's 
«< Elaſticity, it will be compreſſed into half the Space it took up before, ſo 
that the Water will aſcend half the Way up the Tübe. And'it- the Tube 
© be let down thirty«three Feet deep, the Air will be compreſſed into one 
third of its firſt Dimenſion, and ſo on 4th, 4th, ch, Se.. 
_ © Taz Air being conſtantly. compreſſible in Proportion to the incumbent 
Weight, whence by knowing to what Height the Waetr has aſcended in the 
Tube, we may readily know to what Depth the Tube has deſcended in the Sea. 
© 3. Now to meaſure the Depth of one” of theſe Columns of Sea-Wa- 
ter, whoſe ſpecific Gravity to Pump- Water is'found to be as forty-one to 
« forty : firſt by a Line let the Iron Tube, with a Weight at its Bottom, 
ſink about thirty-three: Feet, which Depth in Salt- Water will nearly an- 
ſwer to the Weight of the Air at a mean Height of the Barometer; then 
draw up the Tube, and obſerve how far the Water roſe ; if thirty-three 
Feet of Water is equal to one Atmoſphere, then will the Water riſe ſo 
high as to fill exactly one half of the Tube: but if the Water riſe higher, 
or lower than half Way, then by the Rule of Three ſay; As the Number 
< to which the Water riſes is to one, fo is thirty - three to the Number of 
Feet, meaſuring the of the Column required. For Example, ſup- 
poſe the Water riſes (when the Tube is let down thirty - three Feet) only 
nine Tenths of half Way; then ſay, 9: 10 :: 33: 365 Feet, the Depth of 
each Column, which being once known, the Number of Columns of Wa- 
ter is to be multiplied by da Number of Feet, whereby the Depth of the 
Sea in Feet will be known. * | 
* 4. Bor ſince when the Inſtrument has deſcended to the Depth of ninety- 
nine Columns, or ninety-nine times thirty-three Feet, the Air wilt be com- 
« preſſed into the th Part of fifty Inches, that is, half an Inch, the Divi- 
ſions both for ſome Space below, and alſo above that, will be ſo very ſmall, 
that the Difference of ſeveral Columns Depth of Water will not be ſenſible; 
* ſo that an Inſtrument of no greater Length chan this, would ſcarcely give 
an accurate Eſtimate of half a Mile's Depth, that is, 2640 Feet, or eighty 
Vor. II. | li g Columns 


9. [33.— Dr. Hales has fiuct propos d another Sea. Gage for vaſt Depths, Annotat\ 
2 Led. IX. 
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A Courſe of Experimental Philoſophy. 
Columns Depth of Water. The lengthening therefore of this Inſtrument 
to four, five, or ten times its Length, would obviate this Deſect, and make 
the Difference of the Degrees of Deſcent more ſenſible on the Inſtrument. 
But ſinee it is impraRicable to make a metalline Tube of fo great a Length, 
and if it were made, it would be ſo unwieldy as to be eaſily broken; it is 
propoſed therefore to obviate theſe Difficulties by the following Method, 
* 5. LI there be a globoſe metalline Body made of Copper, hoſe Capa- 
city within Side may be equal to nine times the Capacity of the metalſine 


Tube: Let this globoſe Body be firmly ſcrewed to the metalline Tube with 


a leathern Collar, well ſoaked in ſome unctuous Matter, thereby to ſecure 
that Joint in the moſt effeRual manne .. 
6. Tusxx mult be a Hole at the Bottom of the Copper Globe opening 
into a metalline Tube ſoldered to that Hole, which Tube muſt be three or 
four Inches Length, that it may be immerſed in a proper metalline Ciſtern, 
full of ſome tinged unctuous Matter, as Oil, or the like, which being ſpeci- 
fically lighter. than Sea-Water, will ſwim upon it, and conſequentiy will 
daub the Inſide of the Iron Tube, as far as the Water was impell'd up it. 
And in order to know that Height, there, muſt be fixed a ſlender of 
Braſs, Iron, or Wood, in the Middle of the Iron Tube from End to End, 
with a Knob at its upper End, both to keep it at that End in the Middle 
of the Tube, and alſo to prevent its being beſmeared by the Sides of the 
Tube, when it is drawn out to ſee, by the Mark of the unctuous Matter 
on the Rod, to what Height the Water had been preſſed up the Tube. 
7. Tur Capacity of the Tube muſt be eſtimated by pouring Water in 
when the Rod and metalline Diameter are fixed in their Places. 

8. Now ſince the Copper Globe is ſuppoſed to contain nine times as much 
Air as the Tube, which is the ſame thing as if the Tube was nine times ag 
long; therefore the Air in the globoſe Veſſel will not be forced within the 
Capacity of the Tube, till the Veſſel has deſcended to the Depth of nine 
Columns, or nine times thirty · three Feet: for then the Ait will be com- 


preſſed within one Tenth of the Space it at firſt took up. 


9. SuPposinG therefore the Inſtrument to havt deſcended to the Deptk of 
ninety- nine Columns of Water, or ninety: nine times thirty · three & tet, viz. 
3267 Feet, then the Air will be compreſſed within +45th Part of fre hun- 
dred Inches, (for the Capacity of the whole Veſſel was ſuppoſed equal tu a 
Tube of that Length) that is, within five Inches of the Top of the Tube; 
and confequently the Rod will be found tinged with the coloured Oil with- 
in five Inches of its Top. | Ewa e p26 * 
© 10, Suerest again, the Inſtrument to have deſcended to the Depth of an 
hundred and ninety- nine Columns of thirty-three Feet each, then the Air 
will be compreſſed within the eth Part of the whole, that is, nearly 
within two and a half Inches of the Top of the Tube. In'this caſe the In- 
ſtrument will have deſcended 6567 Fees, that is, a Mile and a Quarter, and 
an hundred and thirty-cewo Feet. Sagtudt Haus 88 
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© 14, Sypeosz again the Machine to have deſcended to the Depth of three Angotat 
© hundred and-ninety-nine Columns, then the Air will be compreſſed within Lee. IX. 
eth Part of the whole, that is, nearly within one Inch and a Quarter of 


the Top of the Tube: In this Caſe the Machine will have deſgended; two 
„Miles and a half, wanting fiſty: three Feet; which may probably be the 
gremeſt Deptin of abe SM i. ns WT er 
12. Bur if there were occaſion to explore greater Depths than this, it 
< might, we ſee, be done with tolerable Accuracy, by enlarging the Capa- 
city of the globoſe Veſſel, which might be done without making it very 
cumberous. To ſuppoſe: the Diameter of the Tube were about ;ths of an 
Inch, viz. common Muſket-Barrel Bore, and that it were fiſty Inches long, 
if the globoſe Veſſel were nineteen times as big, it would not in that Caſc'ex+ 
« ceed the Bulk of three Gallons, But the bigger the globoſe Veſſel, the 


greater Care muſt be taken to ſecure well the Screw where it is joined to the 


© Tube, that no Air paſs that Way. | Kai 

13. Tat bigger the globoſe Body is, the more weighty. it ought to be, 
© thereby the more effectually to keep it in a low depending Poſture ; elſe the 
Buoyancy of its contained Air might raiſe it as high or higher than the 
upper Part of the Machine, whereby Water ruſhing in to the Top of the 
Tube, no Obſervation could be made, the Rod being thereby moiſtened 
from End to End. When one Experiment has been made, the Rod and 
Tube muſt be wiped very clean before anothet be repeated. 

14. Tris Sea-Gage being thus prepared, a large Buoy. muſt, be fixed to 
it, which ought to be a large Piece of ſolid Fir, or any other light ſolid 


Wood. well covered with Tar, to prevent any Water's, being preſſed into the 


Sap - Veſſels: For I have found by Experience, that Wood which was con» 
ſiderably lighter than Water, has, by being greatly compreſſed in Water, 
become immediately ſpecifically heavier" than Water; for: the conſtituent 
Parts of all Vegetables are ſpecifically heavier than Water. If the Buoy be 
made of a Bladder or hollow Globe, with its Orifice inverted downwards, 
the Air in them will be compreſſed to ſuch a Degree, at great Depths, as 
thereby to make the buoyant Body become ſpecifically heavier. than the 
Sea - Water, which would prevent its re · aſcending to the Surface of the Sea 5 
for which Reaſon alſo the Buoy ought to be able to buoy up the Inſtrument 


* when full of Water. Beſides, if the Buoy, when it riſes again, do not ap- 


pear ſome conſiderable Height above the Water, it will not eaſily be dil- 
* covered : for it is probable, that from -great Depths it may riſe at a conſi- 
derable Diſtance from the Ship, though in a Calm. To make the Buoy 
* therefore more viſible at a Diſtance, it will be proper to fix acroſs. each 
other, at the Top of the Buoy, broad Fans of Tin, painted either black or 

white, as ſhall be moſt convenient. 12 | 
* 15, For greater Accuracy, it will be needful firſt to try this Sea-Gage, 
at ſeveral di t Depths, down to the greateſt Depth that a Line can 
* reach, thereby to diſcover, whether or how much the Spring of the Air is 
* diſturbed or condenſed, not only by the great Preſſure of the 1 
112 Water, 
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Annotar. © Water, but alſo by its Degrees of Warmth or Coldneſfs at gre Depths, 
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Left. IX. and in what Proportion at different known Depths, and in different Lengths 
of Time, that an Allowance may accordingly be made for it at unfathom- 
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let the Air freely pafs either in or out of the Glo 


able Depths. en | 

* 16. .Anp becauſe it is probable that the Temper of the Air, when the 
Experiment is made, will be either warmer or colder than that of the Sea 
at a conſiderable Depth; it will therefore be adviſeable to let down the In- 


ſtrument with a Line to a good Depth, there to continue for ſome time, 
till the Air in it may be ſuppoſed to come to the ſame Temper with the 


Sea water: Then the Machine is to be pulled a ax far above Water, as to 

| and Tube, according as 
the included Air ſhall either have dilated or contracted. Then inſtantly let 
the Machine looſe, to drop down to the Bottom of the Sea, which ir will do 
by means of a finking Weight of Ballaſt, which muſt be fixed in the follow - 


ing manner, vix. 


* 


17%. Taz ſinking Weight of Balfaſt muſt be ſo fired to the Machine, by 
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means of a Catch-Hook, that as ſoon as the Weight touches the Ground at 


achine up to 


the Bottom of the Sea, the Catch may then, by means of a Nprings let go 
its Hold; whereby the Buoy will be at Liberty to carry the 


the Surface of the Water 016 | 
+ 18.' Tur Weight of the ſinking Ballaſt ought to be ſo proportioned, as 
to be juſt ſufficient to ſink the Machine at firſt ;-for as the Machine deſcends, 
it grows continually ſpecifically heavier, by reaſon of the Condeſcenſion of 
the Air in its Cavity, on which account its Motion will be accelerated, as 
well as on account of the inceſſant Action of the Power of Gravity upon it ; 


ſo that if this gravitating Power far exceeded the contrary Renitency of the 
' Buoy, it would ſtrike the Bottom of the Sea with ſuch a Force, as might 


endanger the breaking of the Machine. wi 

© 19. Ir would therefore be adviſeable firſt to let down the Buoy with 
ſomething of equal Weight with the Mackine, and an Iron Rod intervening 
between the Machine and the Buoy, thereby to gueſs by the bending or 
not bending of the Rod, with what Degree of Forte it might ſtrike the 
Bottom of the Sea. And if the Force ſhould be found to be great, I be- 
lieve it might be advĩſeable to fix a Pole between the Machine and the Ballaſt, 
of ſuch a Degree of Strength, that it would break before it could give Re- 
ſiſtance enough to hurt the Machine: This would greatly break its Force 
againſt the Ground. Some of the Sand or Earth at the Bottom of the Sea 
ſhould be brought up as in common Soundings, with Tallow at the Bottom 
of the Plummet. | ine 008 1 , 


20. Ir would be adviſcable alſo to keep an exact Aceount of the Time 


of the Machine's Stay under Water, which may be done by a Watch that 
beats Seconds, or by a Pendulum vibrating, Seconds, which mult be three 
Feet, three Inches, and one Fifth of an Inch long, between the Middle of 
the Bob, and the upper End of the Line. | 15780 
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* 21. Ds. Hao, in the Philoſ. Tranf. Lowthorp's. Abridgment, Vel. II. P. Annotar. 
258. found upon Trial, that a leaden Ball which weighed two Pounds, be- Le&. IX. 
ing fixed to a wooden Ball of the fame Weight, and both let down in 14 Fa- 
« thom Water, they reached the Bottom in 17 Seconds, and the detached wooden 
© Ball aſcended to the Surface of the Water in 17 Seconds more; ſo that if the 
« Machine above deſcribed deſcended, and aſcended. to greater Depths with 
the ſame Velocity, it would reach to the Depth of a Mile in 17 Minutes, 
« and re- aſcend in the like time. But ſince the buoyant Body may return 
« faſter to the Surface of the Water than it deſcended, therefore Eſtimates 
from the time of the Bodies keeping under Water will be very uncertain : 
© Yet when frequently compared with the Eſtimate which is made, from the 
Height of the Water in the Gage-Tube ; a Rule may perhaps be formed 
from thence, eſpecially it the whole Machine be always the ſame, and the 
* ſinking Ballaſt be always of the ſame Weight and Size: as ſuppoſe the Bal- 
« laſt were put into globular earthen Veſſels, made all of the ſame Diameter. 

© 22. THAT the Sea is not many Miles deep is probable from hence, that 
all the great Oceans are here and there interſperſed with Iſlands; an Argu- 

ment that, though as far as the 2 has reached, the Sea is 

ſound to be deeper and deeper, the farther from the Shoar, (tho' with ſome 
VUnevenneſs) which would come to a great Depth indeed, if it continued on 
* ſo, from one Boundary of the vaſt Ocean to the other; but the interſperſed 
© Iſlands prove that it is not ſo. TÞ | 

© 23. Ir we ſuppoſe the Sea to deepen from the Shoars in nearly the ſame 
Proportion that Land riſes from the Shoars, then from the following Eſti- 
mate the greateſt Depth of the Sea will not exceed five or ſix Miles. For 
* ſince flow Rivers are found to have a Fall of about a Foot in a Mile, if we | 
* ſuppoſe the River Niger in Africa (which is one of the longeſt Rivers in | 
the World, and runs about 2400 Miles in Length) to fall at the rate of four | 
Feet each Mile, then its whole Fall, from its Riſe to its diſcharging itſelf 
into the Sea, will be 1.81 Miles, If it falls at the rate af ſix Feet a Mile, 
* then its whole Fall will be 2.72 Miles. If eight Feet each Mile, its Fall | 
will be 3.72 Miles. But if the Fall be ſet at ten Feet each Mile, then the | 
Fall of the River will be 4.54 Miles; which is a large Allowance, and may 
* therefore well include the Height of the Tops of the Mountains, from whoſe 
Sides thoſe Springs break forth: The higheſt Mountains being eſtimated to- 
be ſcarce th of the Earth's Semi-diameter, If we ſuppoſe that the whole a | 
* Quantity of Earth, which is above the Level of the Surface of the Seas, - 7 
were equal to the whole Bulk of the Waters in the Baſis of the Seas, then 
* ſince the Sum of the Expanſe of all the Seas is conſiderably more than the 
* Sum of the Surface of all the Earth on this Globe, the general-Depth of the 
© Sea muſt therefore be conſiderably leſs than the general. Height of the Earth 
* above the Surface of the Sea. * 

* 24. To this Method of taking the Depth of the Sea it may reaſonably be 
* objected, that tho? it has been found by Experience, that in leſſer Degrees 
the Air is compreſſible, in Proportion to the incumbent Weights, yet it is 
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Arnnotat, be feared, that in greater Degrees of Compteſſure this proportional Compreſ- 
Lect. IX. ibilicy-would not hold true, by reaſon of the many watery and other hete- 
2 *<© rogeneous Mixtures in the Air, which would hinder its equable Compreſſi- 
8 < bility. Vet, ſince the irregular Degrees of its Compreſſibility are not yet cer. 
| tainly known, it might be well to try the Inſtrument firft to the greateſt Depth 
à Line can be let down, which 1 find has been to 400 Fathom, in which Caſe 
the Air would be compreſſed with more than 72 Columns of Water, each 
equal to the Weight of the Atmoſphere, ſo that the Air would be com- 
preſſed into rd Part of its natural Bulk, in which Caſe the Denſity of that 
Air would be to Water, as 1 to 11.64. When the Air is compreſſed with 
the Weight of 99 Columns of Water, at the Depth of 3267 Feet, or half a 
Mile and 627 F „then its Denſity will be {th of Water; at 199 Co- 
lumns Depth, or a Mile and a Quarter and 132 Feet, its Denſity will be 
4th of Water; and at 399 Columns Depth, or two Miles and an half want- 
ing 53 Feet, its Denſity will be z of Water. EY N 
© 25. I nave compreſſed Air with a Te equal to 37.44 Atmoſpheres 
in the following manner, viz. I took a Glaſs Tube, which was cloſed at 
one End, the Length of its Cavity 4.06 Inches, - its Diameter 0.16 bein 
firſt counterpoiſed in a Scale, and then filled with Water, the Weight of the 
Water it contain'd was one Dram and fix Grains. The open End of this 
Tube I immers'd in a ſmall Phial, at the Bottom of which was ſome Mer- 
cury, with a little Spirit of Turpentine, which was tinged with Indigo: 
The Phial and Tube were let down into a large Bomb full of Water, which 
was placed under a Cyder-Preſs; then there was put into the Orifice of the 
Bomb a well-turned Plug of Holly-woed, which was impelled fo forcibly 
into the Bomb by the Screw of the Prefs, that Water ouzed thro? the Pores 
of the Plug, notwithſtanding it had been dipt in melted Cement made of 
Bees- Wax and Turpentine, When I took the mercurial Gage out of the 
Bomb, I found the tinged Turpentine had rifen fo high, as to have com- 
reſſed the included Air within the Space of o. i2 Inch of the Top of the 
ube; that is, the 38.44th Part of its Capacity; fo that the included Air 
was compreſſed with 37.44 Atmoſpheres, equal to the Preſſure of 1233.5 
Feet, or 205.9 Fathom deep in the Sea: ſo that the Denſity of this Air was 
to that of Water, as 1 to 22.7, | neat: | 
26. Alk, when thus greatly compreſſed, has not been obſerved, either to 
enter the Mercury in the Gage, nor to paſs thro' the Pores of the Glaſs ; bor 
has it been found to be fixed by any known Degrees of Compreſſure, or 
Cold. N d 
War Effect ſuch an extreme Preſſure as two or three Miles Depth of 
Sea - Water would have on it, we can know only by Experience; which 
< might probably be tried in the manner here propoſed without much Diffi- 
culty. 
27. Tus greateſt Degree of Compreſſure that I have been able to give 
C Alt as in the following manner, viz. Having in froſty Weather placed the 
< above-mentioned Bomb, with the Mercuriaf Gage in it, under the 3 
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. der Preſs, in the fime manner as before deſcribed, I then covered the Bomb Annorat. 
with a large Quantity of ded fee, which had half its Quantity of Lect. IX. 
common Salt mixed with it: In a little Time this great Degree of Cold. 


burſt the Bomb into three Pieces from Top. to Bottom; theſe Pieces opened 


wide, by falling aſunder, but their lower Parts touched each other: an evi- 


dent Proof that the Water, tho compreſs'd to fo great a Degree as to burſt 
the Bomb, yet had very little Elaſticity in it. * | 

« 28. Tux Bomb was lined all over within- fide with a Shell of Ice, which 
was about of an Inch thick; it was full of Air-Bubbles. © 

* 29. As to the Phial and _— they were broken into” many 
Pieces, and all the Pieces of the Tube or Gage were daubed within-fide with 
Turpentine, and Particles of Mercury, to the very Top of the Tube, which 
was frozen at each End into the Shell of Ice. As the Water in 
the Middle of the Bomb was not frozen, chis Experiment might eaſily be 
repeated, without Danger of breaking the Gage, or Phial, viz. by fixing 
them to a ſmall Stick of equal Length with the Diameter of the Bomb, 


by which means they would be fuſtained within the Limits of the unfrozen 


Water. | | | | 
30. Wr may from this Experiment make fome Eftimate of the Force 


which was requiſite to burſt the Bomb, and conſequently of the Degree af 


Compreſſute which the Air in the Gage fuftained, viz, the Diameter of the 


Bomb within-fide was 6 ＋ Inches, the Thickneſs of its Subſtance at its 


Orifice 1.2 Inch; its Thickneſs' at the Bottom was 1.9 Inch. Now ſup- 


poſing the Subſtance of the Bomb to be all over of the ſame Thickneſs 


with its thinneſt Part, viz. 1.2 Inch; then the Area of the Ringlet which 
cuts that Subſtance tranſverſely in its biggeſt Circle will be equal to 29.72 
ſquare Inches: That I may therefore make ſome Eſtimate of the Degree 
of Coherence, of the Subſtance of the Bomb in this Ringlet, I ſhall found 
my Calculation on Mr, Muſchenbroek's 77th Experiment, in his Introductio 
ad Cobærentiam Corporum, P. 505. where he found that Iron Wire, whoſe 
Diameter was e of a Rynland Inch, was pulled aſunder with four Hun- 
dred and Fifty Pounds Weight. The Wire being made of hammered 
Iron, wos probably tougher than the Bomb, which is made of caſt Iron; I 
have therefore made a large Allowance for this, in leaving a great Part of 


the Thickneſs of the Bomb out of this Eſtimate.” 
Mr. de Buffon, who tranſlated the Vegetable Staticks into French, having 


found a Miſtake in the Calculation concerning the Bomb, gave another Calcula- 
lion, which I tranſlated for this Place; but finding a Miſtake alſo in bis Calcu- 
lion, I have ſet it right now. I had not mention d this, but that I was unwill- 
ing to paſs fer an unfaithful Copier, or Tranſlator. 


Tating the Diameter of a Circle to the Circumference, as 7 to 22. 
Taz inner Diameter of the Bomb was 6 and 4 Inches, its Thickneſs one 


Inch and 7: The Area therefore of the tranſverſe Section of that Thickneſs 
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- Annotat. will be gg 8 that is, wery.near 13 3-ſquare Inches which is found by 


Leck. IX. taking the Superkicies 2 of the inner Circle, whoſe Diameter is 6.2 Inches, 
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 , Tux Nn ect js to.the Londen, Foot, as 139.9 1253, the Diameter of 
the Iron Wire was, u Inch Ryniſs;. that is, fs 
Area of its tranſverſe Section will be er, very. near r Inch ſquare, 


ch Engh/b; therefore the 
I ſay, therefore, ſince 450 Pounds of Amſterdam were required to break Iron of 


a Thickneſs equal to rr Inch, how many of the ſame Pounds will be re- 


quired to break a, Thickneſs equal to 13 Inches? And by the Rule of 
Three I find there muſt be 732501 Amſterdam Pounds to break the Bomb; 


that is, 68 1229 £nglip. Pounds, the Amſterdam Pound being to that of 


London, as 93 to 100, Now the Area of the inner Circle of the Bomb is 3332 
ſquare Inches, and the Weight of a Column of the Atmoſphere upon a ſquare 
Inch is 15 Pounds fave Ounces, or thereabouts : Therefore the Weight of the 
Atmoſphere upon the total Area of the Circle, is of 508 Pounds and fix 
Ounces, very near: I therefore divide 681225 by 508, and 1 have 1340 42 


about 1340; that is, the Air contained in the Tube was compreſſed by a Force 


equal to the Weight of 1340 Atmoſpheres, conſequently it was reduced to a 
Space of 1340 times leſs than it had in its natural State. This is true only 
by ſuppaling the Iron of the Bomb as ſtrong as that of the Wire; but as 
beaten Iron, of which it was made, is ſtronger than caſt Iron, of which the 


Bomb was made; you muſt proportionably diminiſhthe Number 1340. This 


Diminution is neceſſary, and cannot be compenſated with the greateſt Thick- 


. neſs of the Bomb: For if ina Veſſel there is one Place thinner than the reſt ; 


this is enough to make us ſuppoſe it every where of that Thickneſs, when we 


conſider the Reſiſtance made to a Fluid, which preſſes equally every Way. 


- 


LECTURE 


. 


I R N Y N . 1d 
HYDROSTATICK Ss. 


A further Confideration of the Mature of the Air, in re- 
ſpect to ſeveral of its Properties, which we have not yet 
talen Motice of; together with the Obſervations and Ex- 


periments to ſhew thoſe Properties ; and a Deſcription of 


ſuch Machines and Inſtruments as ſerve to apply them to 
Uſe. 


N. B. Tunis is call'd by ſome, The Doctrine of Preumaticks ; but we continue it 
under the Head of Hydroſtaticks, becayſe Air is a Fluid, whoſe Preſſure 
and Reſiſtance acts like Water and other Fluids, tho“ Water is not com- 
preſſible like Air, nor elaſtick, unleſs when Heat is applied to it. But yet 
—— nv Aga conſider all that Air has belanging to it different from 
other Fluids 


1. TI is pretty ſtrange that the Ancients, who were no Strangers to Lect. X. 
the Nature of Winds, and knew a great deal of their Force, were 


yet entirely ignorant of the Weight and perpendicular Preſſure of 
the Air. This is evident, becauſe they attributed the Cauſe of Water 
= up in Pumps, or any Liquor being drawn up into Syringes (com- 
monly call'd Syphons upon that Account, while Pumps were call'd Suck- 
ing-Pumps) to Nature's Abborrence of a Vacuum, ſaying, that it fill'd 
up with Water the Pipes of Pumps under the moving Bucket or Piſton, 
rather than ſuffer any empty Space. et: 

Tur Syringe was in uſe, and this Notion concerning its Suction ob- 
tain d long before Ctefibius (the Son of a Barber at Alexandria) invented 
the Pump: and tho he made the Foreing- Pump, where the Air viſibly 
drives the Water, as well as the Sucking-Pump, he only thought, that 
the Air put into a viſible Motion might drive the Water; but had no No- 
tion of its Action, or — Piddlite when it was ſtagnant, and 

Vor. II. Kk ſeem d 
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Le&. X. ſeem'd to ſtand wholly ſtill: he acquieſced in the general Opinion of the 


0 ed a 


Fig. 17 & 18, 


Fuga Vacui, Nay, Galileo himſelf, who was the firſt that found out 
that Water did nor rife in Pumps above 33 or 34 Feet higher than the 
Water in the Well from whence it was drawn, (tho' the Pipe of the 
Pump was 40 Feet long, and the Bucket or Piſton work'd at that Height 
above the Water) only concluded from that Obſervation} that Nature 
abhorr'd a Vacuum but to a certain Degree. But his Scholar Toricelli, who 
ſucceeded him as Mathematician to the Duke of Florence, gueſs'd that the 
Air preſs'd, and confirm'd it by an Experiment which made him famous, 
and has ever ſince been called by his Name. He was led to it by ſome 
ſuch Confiderations as the following. 
Plate 20. Fig. 17, & 18. 

2. TAKING Notice of two Pumps PP and PP of very different Bore 
and different Heights, as the Pump of Fig. 17. of only one. Inch 
Bore, and about 40 Feet high above the Water at the Place mm where 
the Piſton work d, and the Pump of Fig. 18, and 20 Feet high at nn 
where the Bucket work'd, moving fromm n to m n, he reaſon d thus: 
If Nature abhors a Vacuum, ſince the Space under the Bucket in the 
Pump of Fig. 18. is 72 Times greater than the Space under the Bucket 
in the Pump of Fig. 17. Nature will more eaſily fill up the little Vacuum 
and puſh up the Water to the Bucket of the Pump of Fig. 17. than that 
of Fig. 18. But finding the contrary to happen, the Water ſoon riling 
up to m in the great Pump, and no higher than 2 in the ſmall high 
Pump tho' its Piſton B was work'd ever ſo long; judg'd that the Water 
might be puſh'd up by the Preſſure of the Air, which acted within a 
limited Height proportional to its Weight; and that there might exiſt a 
Place void of Air, ſuch as that in the Tube of Fig 17. between m and 
1n. To confirm this, when Water was pour d into the Tube of Fig. 
17. up to the Height n of 34 Feet above the Water in the Well, (in 
which Tube it was kept up by the lower Valve) and the Piſton was 
thruſt down to n ſo as to touch the Water, then raiſed up to m mn, no 
Water follow'd, but the Space between ## and m was void both of 
Air and Water. Then conſidering that Mercury weighing between 13 
and 14 Times more than Water, a Colutnn of that Fluid near 14 Times 
ſhorter than a Column of Water of the ſame Diameter would weigh as 
much and be much more manageable, (an Height of 30 Inches of Mer- 
cuty anſwering to 334 Feet of Water) he got a Glaſs Tube of about 40 
Inches high and a Quarter of an Inch Bore, hermetically, or cloſe, ſeal'd 
at one End and open at the other; and having fill'd it full of Mercury, 

ſtopp'd the open End with his Finger till he inverted it into oy eat 


Re 
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ſtagnant Mercury, when withdrawing his Finger under the Surface of Left. X. 
the Mercury in the Veſſel from the Bottom of the Tube, he permitted 9 {on_Y 
the Mercury in the Tube to communicate with the ſtagnant KE WH: Eq 
the Veſſel, without ſuffering any Air to go up into the Tube, (which in 
that Caſe would be viſible enough) and perceiv'd the Mercury to quit the 
Top of the Tube, and immediately to come down and reſt at the Height 
of zo Inches, leaving the Top of the Tube quite void of Air, N. B. To 
ſhew there was abſolutely no Air in that Space, upon inclining the Tube 
the Mercury would riſe up and firike againſt the Top of the Tube, and quite 
fill up the Space, which it always left empty upon ſetting the Tube upright 
again, | 
E Toricelli made this Experiment in the Year 1643, and ſent an Ac- 
count of it to France, to Father Merſennus, who made it publick. Mon- 
fieur Paſcal made many fine Experiments with this Toricelliun Tube 
upon a Mountain 400 Fathom high, at Clermont in Auvergne, eſpecially 
thoſe three remarkable ones. The firſt in a Garden at Clermont, where 
the Mercury ſtood at 26 Inches 3 Lines“ (French Meaſure) ; the ſecond 
about the third Part of the Way up the Mountain, where it ſtood at 25 
Inches, having fallen 154 Lines in that Height; and the 3d at the Top of 
the Mountain where the Mercury ſtood at 23 Inches and 2 Lines, be- 
ing fallen in the whole 3 Inches and 15 Line. It was not till the Year 
1045, or 1646, that the Taricellian Tube became a Barometer or Bgq- 
roſcope, that is, till Toricelli obſerv'd that the Tube being left ſtanding 
in the ſtagnant Mercury in the Baſon, would be ſometimes higher and 
ſometimes lower in the Tube ; and therefore that not only the Preſſure 
of the Air kept up the Mercury in the Tube, but that the Preſſure of 
the Air was ſometimes greater and ſometimes leſs : and therefore that this 
Inſtrument would be a certain Meaſure of the different Preſſure of the 
Air, for which Reaſon he call'd it a Barometer or Baroſcope. He begun 
then alſo to obſerve, that in fair Weather, or a little before it, the Mer- _ 
cury would riſe in the Tube; whereas it would fall in ſtormy or rainy 
Weather, or a little before. Hence it is that we call this Inſtrument a 
Weather-Glaſs. There are ſeveral Sorts of Weather-Glaſſes; but before I 
come to deſoribe them, and ſhew which I think the beſt, I ſhall recapitulate 
in reſpect of the Air, either ſpeaking of ſome Properties of it that I have 
omitted, proving ſome that I have only hinted at, and illuſtrating by 
further Experiments others that I have already prov d. : 

4. Tyo' the Air is inviſible, That it is a Body, is plainly ſeen from the 
Reſiſtance that it makes to Bodies moving in it: and That it is a fluid 
Body, appears from its yielding to any Force impreſs d. a 

K k 2 . 


* As we have ſaid before, a Line is the 12th Part of an Inch, 


3 


. 


5 Ng . * 8 * ; \ 2 N 3 | . 

Le. X. By the Experiment of weighing a certain Quantity of Air ina Cops 
Ty per Ball *, it appears that the Air is heavy, and as all heavy Bodies tend 
o the Center of the Earth, the whole Alf muſt tend that Way, and preſg - 
upon Bodies under it. | 


©,» Experiment 1. Plate 21. Fig. 1. 
Plate 21: SEVERAL Ways of making the Torrcellian Experiment ſhew it. See 
2 Plate 21. Fig. 1. The 3 Tubes FG, CM, and ua, open at Bottom 
and hermetically ſeal'd at Top ſtand in the ſtagnant Mercury in the Diſh 
— GE, while the Mercury in the ſaid Tubes ſtands at A, C, and a, at the 
ſame Height in the horizontal Line A 5; therefore ſince Fluids preſs ac. 
1L. 7. Noro. cording to their perpendicular Height F, the Parts of the Surface of the 
Mercury GE at Gm and u, are equally preſs'd by the Mercury in the 
Tubes. I fay, all thereſt of the Surface muſt be preſs'd proportionably 
by the Air, each Part of that Surface which is as big as the Section of 
any of the Tubes being preſs'd by a Column of Air of the ſame Diameter 
reaching up the whole Height of the Atmoſphere, and weighing as much 
as any of the Columns of Mercury, which we have ſuppos d of the 
| fame Diameter. And this muſt be, otherwiſe the Surface of Fluids 
IL. 7. N*8. would not be preſs d in all its Parts alike, as we have demonſtrated |}. 
| To ſhew that if the Column of Mercury FG had not prefs'd upon 
ehe Surface GE at G, the Air would have preſs'd there; break off the 
Top of the Tube at F (where it'is drawn ſmall) and immediately all 
the Mercury will fall down, the Air coming to preſs inſtead of it ; there 
being no need for the Column of Mercury G A to preſs upon G, when 
the Air can come at it to preſs as much as the other Parts of the Sut- 
face of the ſtagnant Mercury are preſs d. | nn 


ExrENIMENT 2. Plate 21: Rg. 2. 
4 Pate 21. F. TARx ſuch a Veſſel as D, cylindrick all the Way except at the Top, 
W hs * which is drawn out into a ſmall Point, and having fill'd it with Water 
E 5 by laying it down in a large Veſſel as W, hold it upright and raiſe it up 
till its Mouth be but a little under Water, and it will continue full; 
which ſhews that the Preſſure of the Air on the ſtagnant Water W keeps 
up the Water in the tall Veſſel CD. To confirm this, break off the 
Point at D, and the whole Water will fall down as ſoon as the Air can 
preſs downwards in its ſtead to balance the Preſſure of the Air on the other 
Parts of the Surface W, which the Water did before. . 
Tuc' the Column of Mercury or of Water that preſſes upon Part of 
the Surface of the ſtagnant Liquor in the Veſſel below be not equal in 
Weight to a Column of the Atmoſphere of the ſame Baſe, yet the 1 * | 
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Aue of Experimental Philoſophy. 273 
fure is the ſame; becauſe what is wanting in the Preſſure of other Fluids Lect. X. 
is made out by the Preſſure of Air at the Top of the Tubes or upright pic 
Veſſels which contain them. Thus when the End A of the Toricellian pig. 8... 
Tube in Fig. 1. is brought down to f below the Level of A &, it is 
plain that the inclin'd Column of Mercury that it contains being of a 
leſs perpendicular Height than A G, does not preſs ſo much at n as the Co- 
lumn an; but then the Air that preſſes on the Top of the Tube at f 
makes up that Deficiency. Thus alſo the Preſſure of the Air on the 
Top of the Veſſel DC (Fig. 2.) made up for the Want of an Height of 
34 Feet of Water at W: as it appeard when the Air ruſh'd in u 
breaking open D. But this will be better illuſtrated by the following 


; __ - ExPERIMENT' 3. Plate 21. Fig. 3. "HA 
6. HavinG cemented the Tube D E open at E and hermetically tet! 
ſeal'd at D into the Piece of Wood D, in order to hang it up to one of 1 
the Scales of the Balance A B, put a Weight in the oppoſite Scale to keep 
it in æguilibrio; and that Weight will be only equal to the Tube D E, 
becauſe as much as a Column of Air preſſes it down at Top, juſt as much 
does an oppoſite Column of Air puſh it up on the Infide, But if you fill 
the Tube with Mercury, and invert its open End in a Diſh of Mercury 
V (fo as to make the Toricellian Experiment of it) it will require as 
much more Weight in the oppoſite Scale to make an Aquilibrium, as 
the Weight of all the Mercury in the Tube. Nov it is plain that in this - 
laſt Experiment you don't weigh the Mercury, becauſe it don't cohere to 
the Sides of the Tube ſufficiently: for that; but you weigh the Column 
of Air that preſſes at Top of the Tube at D, which Column you did not 
weigh in the firſt Experiment, becauſe it was counterbalanc'd by another 
Column of Air puſhing upwards into the Tube, but which is now em- 
ploy d in ſuſtaining the Mercury in the Tube; or rather excluded by 
the Column of Mercury which neceſſarily preſſes the Middle of the ſtag- 
nant Mercury at V. | 3 
THAT the Mercury in the Barometer or Toricellian Tube cannot be 
kept up without the Preſſure of the Air, and is kept up juſtin Propor- 
tion to that, has been ſhewn ſome Years ſince by a very pretty Experi- 
ment contriv'd by the ingenious Mr. Auzout in the following manner. . 
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—__- » EXPERIMENT 4. Plate 21. Fig: 4; &. | 
7. @AB is a kind of Cupping-Glaſs with a Braſs Head-and Female Pate 21. 
Screw in its Neck, to receive upon occafion the Male Screw of the Braſs Fs. + 5. 
Fertil fd on near the open End of a Barometer Tube c BC. The 
large End or Mouth of the Cupping-Glaſs has a Braſs Cover or 8 
cemented 
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| Le. Xx. cemented to it with a Female Screw thro' it about the Mid-way between 
Jag ape the Edge and Center of the Plate, in order to receive a Braſs Male Screw 
\ "»Fig. . cemented near the End of another Tube D d, of a ſmall Bore and about 
N 33 Inches long. This muſt be ſo contriv'd, that when the Ends of theſe 
two Tubes are fix d to the Cupping- Glaſs, by means of their ſmall Screws, 
their Ends that go in to the Cupping-Glaſs ſhall paſs beyond each other 
without touching; for which Purpoſe the Cupping-Glaſs muſt not be leſs 
than of 2 Inches in its inward Diameter, and as much in Height. Hay- 
ing filled the Tube c B C quite full of Mercury, ſcrew on the Cupping- 
Glaſs to it, as in Fig. 4. Then thro' the Hole à fill the Cupping-Glaſs 
alſo with Mercury: ſcrew in the Tube D 4, and fill that Tube likewiſe 
with Mercury. Then ſetting your Finger againſt D, invert the whole 
Machine into the Dith of ſtagnant Mercury DM (Fig. 5.)-and taking 
away your Finger from D, all the Mercury will deſcend out of the Tube 
BN, and out of the Cupping-Glaſs as low as the Top of the Tube 4D, 
but not ſo low as the Hole c of the Tube cBN; and likewiſe down to 
the Line m m in the Tube 4 D, being the Barometical Height, vig. 29 
\ or 30 Inches. Now if with a Key applied at B, you unſcrew gently a 
Uitle Way the Tube cBC, the Air will inſinuate between the Threads 
6: of the Screw into the Vacuum in the upper Part of the Cupping-Glaſs, 
MN! and puſh the Mercury Ade up to 7 #, the Barometical Height in the 
| Tube B N, whilſt the Mercury falls quite down from m m in the Tube 
.4D to the reſt of the ſtagnant Mercury at DM. Here the Preſſure of 
the Air on the Surface D M ſuſtained the Column of Mercury Dun, 
vrhen no Air could come in at Top and there was a Vacuum ated. And 
vrhilſt that Vacuum continued, no Mercury remain d in the Tube c BC, 
till by opening the Screw at B the external Air came in and pteſs d up 
the Mercury to uu, that the Surface c d might be equally preſs d in all 
52 its Parts, viz. by the Column of Mercury at c, and by the Air ev 
. where elſe ; and that the Surface DM in the Diſh below ſhould like wi 
be preſs'd alike in all its Parts, the Part at D (being nowdoublyprefsd, 
- that is by the Column of Mercury and the Air that was come in above 
it) yielded to the Column of Mercury mm D, that came down thro' it, 
and became preſs d by the Air that came down inſtead of the Mercury 
and preſs'd as much. | #090 ood SOD Vang 37150 
8. Sixcx Air is a Fluid, it muſt preſs upwards as well as downwards, 
and Sidewiſe, and in all manner of Directions, and that according to its 
L. Neo. Height *, or the Force that drives it; but as we have conſidet᷑ d this al- 
ready concerning other Fluids, we will here only ſbew that the lateral 
Preſſure is equal to the perpendicular, and the reſt will eaſily be granted. 


ExPE- 


1 5. Plate 21. Fig. 6. 


Take a tall Glaſs Phial of about 9 or 10 Inches high, and having Lea. X. 
drill'd about 3 Inches from its Bottom at B, ſtop the Side-Hole and fill 
the Bottle thro' the Neck: the Bottle being fill'd, thruſt into it a Glaſs x; 


Tube EF, a Foot long, and open at each End, fo that its End may come 


down lower than the Hole B. You muſt ſtop cloſe the Neck at P With 
Wax or Pitch, which you have beforehand ſtuck to the Tube round 
about, ſo that no Air may come into the Phial between the Neck and 
the Tube. Then the Tube being fill'd with Water as well as the Phial, 


when you open the Hole B the Water runs in part out of the Tube, 


but it ſtops at A the Height of the Hole B, and the whole Phial re- 


mains full. Now if the perpendicular Preſſure of the Air was greater 
than the lateral, all the Water would have been puſh'd out of the Tube 


E F, and would not fail to run out; but as this does not happen here, 


it is plain, that the Air preſſes laterally with ſo much Force againſt the 


Hole B, that the Water cannot run out of the Phial, there being only 
the Water E A which runs out of the Tube, whilſt FA remains full 


up to the Height of the Hole. 


9. Tux Prefſure of the Air is alſo ſhewn by many Experiments on 
the Air-Pump ; but I ſhall not mention them till I come to ſpeak more - 
particularly of that Machine. We ſhall only conſider now how great is 


the Quantity of Preſſure on a Man's Body. F 
10. SINCE Fluids preſs in all manner of Directions, the Preſſure of the 
Air on a Man's Skin taken off and laid horizontally, would be juſt the 


fame as it is upon the Skin now that it infolds the Body and Limbs : | 
therefore only knowing how many ſquare Inches any Man's Skin contains, 


we may by allowing the Weight of a ſquare Column of Mercury, whoſe 


Height is ſuch as it ſtands in the Barometer, for the Preſſure upon cach 


Inch, eaſily eſtimate the whole. For Example, if we allow 15 ſquare 


Feet for the Skin of a middle-fiz'd Man, then it will contain (15 K 144 


=) 2160 Inches. Now the Weight of a Cubic Inch of Mercury is 


8,101, &c. Ounces Avoirdupoids, and the Barometer in England ſtands + 


at 30 Inches and i when higheſt, at 28 Inches hen loweſt, and there- 
fore at 29,4 Inehes at a Mean. "Conſequently when the Air is lighteſt it 


will weigh 14 Pounds 2 Ounces Avoirdupoids;&c. upon a Square Inch; 
when at a Mean 14 Pounds 14 Ounces upon the ſame Surface; and 15 
Pounds 9 Ounces, when the Air is heavieſt: from which it follows, that 


in fair Weather, when the Air is heavieſt, a middle-fiz'd Man carries a 


Weight of Air equal to 33684 Pounds, eight Ounces Avoirdupoids; when 


it is foul or windy, and the Air is lighteſt, a Weight of 30622 Pounds 


five - 
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Lect. X. five Ounces; and 32153 Pounds ſix Ounces at a Mean *. What enables 


Elaſticity. 1781 Th 
+L.7.N*21, 10. Wr have already explained what the Air's Elaſticity is , and 
ſhew'd by the 21ſt Experiment of Sect. 7. Plate 10. Fig. 11. that the 
Denſity of the Air, when compreſs'd, is proportional to the Weight that 
eompreſſes it; and will return to its natural State when that Weight is 
| remov'd. But this Expreſſion natural State muſt be underſtood of the 
Denſity the Air has before it is compreſs'd by the Experiment we. are 
making, or rather farther compreſs d; for the Air that we breathe near 
the Earth is already in a compreſs'd State, as it is condens'd by the Weight 
of the ſuperior Air, and therefore will rarify itſelf as ſome of the ſuper- 
incumbent Weight is taken off, either by ſome of the ſuperior Air being 
| | blown off, or by removing the Air that you examine, farther from the 
| ; Earth upwards : and this Dilatation increaſes as the Preſſure diminiſhes ; 
| as may be gather'd from Mr. Paſcal's Experiments, and thoſe of many 
| other Perſons, who have carried Barometers up to the Top,of Moun- 
1 tains, and have found the Mercury to deſcend as they went up, and to 
1 riſe again as they came down. 

11. Ir the Air was every where of the ſame Denſity I, it would be an 
a | eaſy thing to find the Height of the Atmoſphere thus. Make the Tori- 
| kellian Experiment at the Bottom of a Mountain, and obſerve the Height 

at which the Mercury ſtands in the Tube, ſuppoſe at 30 Inches: then 
make the Experiment again at the Top of the Mountain (which we will 
ſuppoſe for Example 101 5 Feet high) and obſerveſwhat is the Height of 
the Mercury in the Tube there, ſuppoſe 29 Inches; then the Height of 
the Atmoſphere would be found by this Analogy: | fc 
| As the Difference between the Height of = Mercury. at the Top, 
and the Height of it at the Bottom of the Mountain, which 
8+ IP is here one Inch: ES ; 
F To the Height of the Mercury at the Bottom of the Mountain, 
which is here 30 Inches : : 1 
Ss is the Height of the Mountain, here 1015 Feet: _ 
To the Height of the Atmoſphere, viz. 30045 Feet, or five Engh/ 
Miles and five Furlongs. | 
But the Air is not every where of the ſame Denſity, as we have ſaid be- 


fore; and he that goes up a high Tower or a Mountain with a portable 
| | | Barometer 
t It is well for us that the Air varies in Denſity; for otherwiſe we never ſhould have 63-4 


Rain, and beliable to ſo many other Inconveniencies, too long to mention here, that few An 
could live in it, ; 


* 


Wo EEO Man, to bear this great Weight, is the Air included in our Fleſh and 
| 9" the Cavities of our Bodies, which acts by its Spring againſt the Preſſure 
Ma of the external Air. And this leads me to the Conſideration of the Air's 
| 


. . n | 1 's "a I S 
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Barometer may obſerve, that if the Mercury falls of an Inch at the Lea. X. 
firſt 90 Feet of Riſe, it will not fall the next Tenth of. an Inch, till the — 
Barometer is carried up 93 Feet higher: and fo the Height of every Co- | 
lumn of Air of the Weight of = of an Inch of Mercury will vary ac- 
cording to the Height of its Situation in the Atmoſphere, each being 
about three Feet longer than the laſt, tho" containing no more Air. And 
if for an Height of 101 5 Feet the Mercury falls an Inch, the Numbers of 
Feet exprefling the Height of the Columns from the Ground upwards, 
will be 90, 93, 96, 99, 102, 105, 108, 111, 114, 117. 5 
Ir is from ſuch kind of Obſervations that Dr. Halley and others have 
made Tables, to ſhew what would be the Heights of the Mercury in the 
Tube, and the Denfity of the Air at different Heights from the Earth. 
Here follow two of them from Dr. Halley, _ 15 


I. IT 


ATABLE, Hein the I. A TABLE, fſhewing the Heights 
titude to given Heights of the of the Mercury, at given Ali 
Mercury. tudes. 

lackes, --*: 1; Feet. Feet. Inches and Tenths. 

30 0 we 30.00 

29 915 1000 28.91 

28 1862 200 27.86 

27 2844 3000 26.85 

26 2867 £000 25.87 

25 | 4922 5000 284.93 

20 10947 1 Mile. 24.67 

15 18715 2 20.29 

10 29662 3 16.09 

5 48378 _ 13.72 
I 91831 5) 11.28 
0.5 110547 10 4.24 
0.25 129262 | 20 1.60 
0.1 29 Miles, or 154000" | 25 0.95 

0.001 41 Miles, or 216169 | 30 0.23 
53 Miles, or 298 938: 71 0! 0.08 

of | 0.0127 


N. B. Tuo theſe Tables dont perfectly agree with Phenomena, for 
want of a ſufficient Number of Obſervations to build them upon; fince 
they are the beſt extant; I was willing to gie them. When more accurate 
Experiments are made with a very good portable Barometer on the Tops, 
Bottoms, and Sides of Mountains on — Days, they will afford 


Vol. II. L I 12, 


- 
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Le X. 14, Tro' we have in our ſeventh Lecture, and its Notes, explain' 
◻T the decrealing Denſity of the Air; to ſet the Matter till in a clea: et Light, 
dn we will deſcribe an Experiment, which, tho” it cannot be made, may 
a» be ſuppos'd for a further Illuſtration. - | | 


* Plate 1. LET us ſuppoſe A B to be an horizontal Tube 60 Miles long, cloſe 
Ps7- at one End as at A, and that A C is one tenth Part of the whole Tube 
filld with common Air, and that that Air is kept in by a Piſton. at C, 

and that the Parts de, ef, fg, gb, bs, i k, kl, Im, mn, are quite, 
| empty of Air, which is hinder'd from coming into the Tube by a Stopple 
| at B. Now if we ſuppoſe this Tube ſet upright on its End A, at a, the, 

| Stopple B taken out at 5, and the Piſton Cat liberty to move freely, that 


1 Piſton will riſe up to c, and by the Elaſticity of the Air check'd by its- 
Preſſure, the equal Portion of Air 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, will 
expand fo as to fill. all the Tube, but into unequal Spaces, according as 

0 they are preſs d with more, or leſs, or no ſuperior. Air: comparing this 
* 7. Ann, 9, with what has been ſaid in Lect. 7. N* 23. and Annotations ꝙ and 10. 

| Os | | 

13. Wr generally meaſure the Height of the Mercury in the Baro- 
| meter from the Level of the Sea, to which we. reduce all Obſervations, 

"IF if we would be accurate; otherwiſe it is not underſtood by others at what 
Height the Mercury really ſtands in our Barometer, if we only mention. 
at what Diviſion its Surface is in our Scale, unleſs we ſay how high our 

Inſtrument is placed above the Sea. 


| 14. Ir we ſhould carry a portable Barometer into a Coal-pit, the 
Mercury would riſe in the Tube, in proportion to the lengthen'd Column 
of Air preſſing upon the Mercury in the Ciſtern. To ſhew this, we 

may ule Water inſtead of Air, as in the following we 


, ExPERIMENT 5. Plate 21. Fig. 8. 1 

j 1 Havins. inverted the Joricellian Tube as uſual, in the Veſſel M. 

1 with the Mercury ſtanding in the Tube at m, faſten thaee Strings like 

TH to the Top of the Veſſel M, and by thoſe Strings, and the Hook 

| | H, let down the Barometer into the Water of the Jar A B C D, 14 

2 Inches below the Surface 8 5, and you will find that the Mercury in the 

Tube will riſe from mim to nu, becauſe as Water weighs 8 50 times 

more than Air, a Column of Water of 14 Inches, weighs as much as 2 

Column of Air of the ſame Diameter, 991 Feet, and eight Inches high, 
which might be added totheColumn preffingontheſtagnant Mercury above 

the Level of the Sea. As you take out the Barometer, the Mercury . 

18 Hen 


. 
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| 15. Wr have ſhewn how the Air's “ Elaſticity exerts itſelf, when it Lect. X. 
is compteſs d into a leſs Space than what it uſually poſſeſſes near the Earth, —— 
by other Bodies, Fluids or Solids, made uſe of to compreſs it : Now we , I. A | 
will ſhew how its Elaſticity dilates it, when it is leſs compreſs'd than it is 
in in its common State in which we breathe it, by eaſing it of ſome of the 
Weights that keep it in that Condition. | | 5 

Tre Air therefore, ſuch as it is near our Globe, rarefies itſelf in ſuck 
a manner, that its Bulk is always in an inverſe Ratio of the Weights that 
compreſs it. Mr. Boyle and Monſ. Mariotte have ſettled this Rule by 
the following Experiment. * 


EXPERIMENT 6. 

Tak a Barometer Tube A B, (Plate 21. Fig. g.) which, having Plate 2t. 
been well fill'd, will hold the Mercury ſuſpended at the Height C B. Fig: 9. 
If you let in to this Tube as much Air as would fill in it the Space AD, 
the Mercury will not ſtop at the Height BD; but will fall, and ſtop at a 
certain Height B E, becauſe the Air which is in AD rareſies itſelf, and 
fills AE. By help of this Experiment, which juſtly meaſures the Spaces 
AD, E D, and the Heights B C, B E, the foregoing Rule has been eſta- 
bliſh'd, by reaſoning in the following manner. The Force with which 
the Air is naturally compreſs'd here, is equal to the Weight of the At- 
moſphere : the Mercury which ſtands at the Height B C, is by its Weight 
in quilibrio with the Weight of the Atmoſphere, and neee 
Weight my be expreſs'd by the Column of Mercury B WG. 

Tur Air introduced into the Tube, and which took up the Part of 
it A D, was compreſs'd by that Weight: but when, after the Experiment 
was made, its Bulk is by Rarefaction become greater, ſo as to make 1t 
take up the Space AE ; conſequently the Elaſticity which this rarefied 
Air has left, join'd to the Weight of the Column of Mercury E B, is Y 
in aquilibrio with the Weight of the Atmoſphere, which preſſes on « 1 
the ſtagnant Mercury at B, or with the Column of Mercury C B. | 
Now if from thoſe two Sums you take away the Column of Mer- 
cury E B, which is common to them, there remains the elaſtick Power 
of the Air at A B, which is in equilibrio with the Weight of the 
Column of Mercury EC; thus the Weight which compreſſes the ra- 
refied Air A E, is equal to the Weight of the Mercury at C E. If there- 

LI 2 ; fore 

The Elaftici f ies is i ffe· ilk 7 1 
ren from the in of te Air 7 for eh es wr appe v  Bchs hea kih 
Gate themſelves quite otherwiſe. For when which only recover the Figure that they had 


Air ceaſes to be compreſs'd, it not only dilates before they were compreſs d. 
ſelf, but it takes up a greater Space, aud ap- 
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Lect. X. fore you meaſure the Lengths A D, AE, which the Air occupies in 
WY both Caſes, you will find them to be, as CE to CB; and conſequently 
has c ono of Air are in an inverſe Ratio of the Weights, which compreſs 
. a 2 EM. ' ' ; « 
 _ Whzn you would make this Experiment, you muſt make uſe of a 
thick Tube, but of a ſmall Bore, and all the Way exactly of the ſame 
Bore, which you muſt try firſt by meaſuring it with Mercury. Then 
you muſt fit into A (which End of the Tube muſt be open) a Glaſs 
Stopple ſo tight as to hinder the Air from coming in at that End: By 
moving this Stopple, you may let in juſt as much Air above the Mer- 
cury as you would have. If you ſhould make uſe of a Tube hermeti- 
cally ſeal'd at Top, in order to let in the Air at Bottom after having 
pour'd in the Mercury; and that you invert it afterwards, in order to 
make the Mercury come down, there always remains a great deal of 
Air diſpers d here and there between the Parts of the Mercury, which 
does not riſe up thro' the Mercury, ſo that one can never exactly mea- 
ſure the Place, that the Air muſt occupy at the Top of the Tube; and 
i conſequently not. be certain of the Truth of what has been aſſerted 
n a here. This Inconveniency is remedied, by letting in the Air at 71 
1 and then keeping the Entrance ſhut with the Glaſs Stopple. N. 
Ann. 2. This is treated Algebraically in the Notes *. : 
You are not to think that for theſe Experiments there is a Neceſ- 
fity of making uſe of a Tube, whoſe Length is greater than the Height 
of the Mercury in the Barometer: For the thing may be done with 
much ſhorter Tubes; nay Tubes of any Length, provided your Reaſon- 
ings be upon the ſame Foundations, Let us ſuppoſe a Tube but 6 Inches 
long, that you would fill with Mercury, and in which you would leave 
ſuch a Quantity of Air, that there thall be only two Inches of Mercury 
left when the Tube is inverted : This being fixed, it is required to know 
how much Air you muſt then leave in the Tube? I ſuppoſe that the 
Mercury in the common Barometer ſtands then at 29 Inches, the Diffe- 
rence between that Height, and the Height required, will be then of 20 
Inches, the Space that the Air muſt take up in the Tube, after the Expe- 
riment is of 4 Inches, and conſequently you'll have this Analogy 29:27 :: 
4:32:23 wherefore there muſt be 3 A Inches of natural Air left in the 
Tube, if you would have the Mercury afterwards preſerve an Height 
of two Inches. 


16. How far this Property of the Air of expanding itſelf is extended, we 

do not certainly know ; and it is very probable that it can be determined 

by no Experiments. Nevertheleſs, if you compare the following e a 
6 | | rimen 
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riments with the Experiment of the Air compared in a Pump or Syringe, Left. X. 
it will appear that the Air may take up twenty thouſand times more Space 


in one Caſe than in the other. 4 


ExPERIMENT #7. Plate 21. Fig. 10. E 


Lr the Glaſs A B, about 14 Inches high, be exactly fill d with Plate 21, 
Water; it has a Braſs Cap fix'd to it at the End B, by which it is to be 1810. 


ſcrew'd to the Braſs Pump or Syringe, that is repreſented in Plate 21. 
Fig. 11. By drawing out the Piſton of the Pump, the Water deſcends 
into it by its Gravity; and the Place in the upper Part of the Veſſel is 
void both of Air and Water. The Air-Bubbles in the Water, which are 
now compreſſed, becauſe the Air does not act upon the Surface of the 
Water, expand themſelves, and riſe up to the Surface of the Water; in 
that Motion the Bubbles are accelerated, fo as not to be ſeen diſtinctly 
near the Surface, upon account of their very ſwift Motion; they alſo 
grow bigger as they aſcend, and if you compare the Diameter of a Bubble 
at B, with its Diameter, when it is come almoſt up to the Surface of the 
Water, but ſo far from it as to be ſeen diſtinctly, its Diameter is at leaſt 
four times as great as before. | J 

Taz upper Part of the Glaſs, as was faid before, is intirely void of 
Air, for the ſmall Quantity of Air, which is continually going out of 
the Water, is not to be taken notice of here; therefore the Air-Bubbles 
near B, which is about a Foot below the Surface of the Water, are com- 
preſſed only by the ſuper-incumbent Water; which Preſſute is to the 
Preſſure of the Atmoſphere nearly as 1 to 32; in which Ratio alſo is the 
Spacetaken upbythe Air, whenitiscomprefled by the whole Atmoſphere, 
tothe Space taken up in the Bubbles above- mention d their Diameter in their 
Aſcent, ashasbeen faid before, becomes quadruple; that is, the Bubble be- 
comes 64 times bigger than it was; and fo the Space taken up by the Air 
in this laſt Caſe, is to this Space taken up by the Air, when compreſſed 
by the Atmoſphere, as 64 times 32 (that is, 2048) to 1. The Air 
compreſſed by the Atmoſphere is reduc'd to a Space 10 times leſs in the 
Forcing-Pump, and ſo the Denſity of the Air above-menticn'd is to the 
Denſity of this Air, as 1 to 20480. Extracting the Cube Roots of theſe 
Numbers, we ſhall find that the Diſtances between the Centers of the 
Particles, in theſe two Caſes, are as 1 to 27. 


17. Hence we conclude, that the Particles of the Air are not of the 
ſame Nature with other elaſtick Bodies, for the ſingle Particles cannot ex- 
pand themſelves every way into 27 times the Space, and ſo be increaſed 
2000 times, preſerving their Surface free from every Inequality or Angle; 
tor 
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_ Le. X. for in every Expanſion or Compreſſion, the Parts are eaſily moved, one 
WY amongſt another; but as the Air may be dilated much more than in this 


Nate 21. 
Fig. 12. 


® Plate 21. 


Fig. 12. 
4 1. 8. 


* Plate 21. 


Fig. 1. 


Experiment, it follows, that the Air - confiſts of Particles which do not 


touch one another, and that repel each other; as we have ſaid in the Be- 


ginning of this Book, and ſhall ſhew further in our ſecond Diſſertation 
about the Riſe of Vapours; and we have ſhewn, that in ſeveral Caſes 


there are Particles endowed with ſuch a Property; and it is plain enough 


that it obtains here; but we are entirely ignorant of the Cauſe of this 
Force, and it muſt; be looked upon as a Law of Nature, as is plain from 
what has been ſaide. i IE | | 


18, Tur Force, by which the. Particles of the Air fly from each 


other, increaſes in the ſame Ratio as the Diſtance in which the Centers 


of the Particles are diminiſhed; that is, that Force is inverſely as this 
Diſtance. To demonſtrate which, let us conſider two equal Cubes A 
and B, (Plate 21. Fig. 12.) containing unequal Quantities of Air; let 
the Diſtances between the Centers of the Particles be as 2 to 1, the 
Numbers of the Particles will be in the ſame, but inverſe, Ratio in the 
Lines de and h; the Numbers of the Particles acting upon the Sur- 


faces dg and h m are as 1 to 4; namely, as the Squares of the Numbers 


of the Particles in equal Lines, and as the Cubes of thoſe Numbers; that 
1s, as 1 to 8, ſo are the Quantities of Air contain'd in the Cubes; in 
which Ratio alſo are the Forces compreſſing the Air in the Cubes“. 
The Forces acting upon the equal Surfaces 4g and b m, are as the 
Forces by which the Air is compreſſed ; they are alſo in a Ratio com- 
pounded of the Numbers of the Particles acting, and the Action of the 
ſingle Particles; therefore this compounded Ratio is the Ratio of 1 to 8: 
The firſt of the compounded Ratio's, as has been ſaid, is that of 1 to 
43 wherefore, neceſſarily the ſecond is that of 1 to 2, which is the in- 
verſe Ratio of the Diſtances of the Particles. And this Demonſtration is 
general; for by 1 and 8 we expreſs the Cube Roots; and laſtly, by 1 
and 2, the Roots of tho'e Cubes. | 
But now to return to the Barometer. Since all the Variation of the 
Height of the Mercury in the Barometer is but of three Inches in per- 
pendicular, ſeveral Philoſophers have endeavour'd to render this Variation 
more ſenſible by many Contrivances, a few of which I will deſcribe 
here, with Obſervations upon them. | 
FiRsT, Sir Samuel Mar Iind contriv'd an inclin'd Tube, as FDC“. 
For if in the ſame Veſſel of ſtagnant Mercury be ſet the upright Tube 
G BA, with the ſaid Tube, and the Height B G be of 28 Inches, and 


GA 31 Inches, and thro' B and A two Lines be drawn. parallel to the 
| 15 Horizon, 


# 
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Horizon, then as the Mercury riſes in the Tube G A from B to A, it Let. &&. 
will alſo riſe in the bent Tube from D to C. By means of this Bend, or TYLER 1 
Inclina: ion of the upper Part of the Tube, the Length D C may be as Fig. i: 
you think fit, ſo as to be, for Example, twice, three, or four times 
greater than B A, ſo as to make the Riſe of the Mercury fo much more 
ſenſible in DC than B A. This appears to be a fine Invention, but it 
has its Inconveniehcies: for the Surface of the Mercury in the Tube DC 
is not parallel to the Horizon, as may be ſeen in Fig. 13. which repre- Plate 2. 
ſents the End of the inclin'd Tube D C, at /g: but it is convex, as & Hg. Fig 13. 

Here the Queſtion may be aſk'd, where muſt we reckon the true P 
Height of the Mercury? Muſt we fix it at &, or b, or at g. Be- 

ſides, as the inward Surface of the Tube is a little rough, it binders the 
Mercury from deſcending at the under Side g m, fince it is carried down 

by ſo weak a Weight, as hardly to be able to overcome the Friction, ſo 

that at firſt we do not ſee the true Deſcent. This is a conſiderable In- 
conveniency, when the Tube D C is much inclin'd; and if it is not very 

much inclin'd, the Advantage of the large Diviſions is loſt. It appears 

hereby, that this Contrivance is more ingenious than happy, and that one 

may almoſt as ſoon truſt a common Barometer. Tho' I have never ſeen 

any of theſe Inſtruments, where the Mercury was not apt to ſtop often 

beyond, or ſhort of its true Place ; yet 1 have heard that Mr. Orme, of 

Aſhby de Ia Zouch in Leiceflerſhire*, has a particular Method of pre- Ann: 3. 
paring oy OTIS fo that it ſhall not ſtick by the Way, or part as 

it deſcends. | N 1 | 


10. Tux 14th Figure repreſents Dr. Robert Hooke's Wheel-Barome- Plate 1. 
ter. ABDGR Fisa Tube bent at Bottom near RG F, and which hass. . 
a great Ball AB at Top. On the Surface of the Mercury near G, there is | 
a Ball, or a little Cylinder of Iron ſuſpended by a Thread F S D H, 
which goes round a ſmall Pulley 8 D, which it cauſes to turn. At the 
other End of the Thread near H is faſten'd another Ball lighter than the 
former, which holds the Thread ftretch'd. The Pulley has upon its 
Axis a long Index LK, which ſhews the Variations of the Heights of 
the Mercury in the Barometer upon a large graduated Circle MN PO. 

When the Mercury ſtands at the Height of 31 Inches in the Tube of the 
common Barometer, it ſtands in this Barometer at the Height A B, and 
in the lower End near G, fo that the Column ſuppos d to be continu'd 
from G to A will be 31 Inches long. But if the Mercury ſinks in the 
common Barometer to 28 Inches, it will fink in this Barometer from A 
to Z, and riſe in the turn'd up End from G to F, till the Column FZ 
be but 28 Inches long. Conſequently, if the Tube was every where oF { 
the. 
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Lect. X, the ſame Diameter, the Mercury at Top near A B coming ta fall 14 Inch; 
Ne would make that which is at Bottom riſe from G to E, alſo one Inch 


te 21. 


Plate 21. 
Fig. I5. 


and , which would make the Column F Z three Iuches ſhorter than 
the Column G A, and conſequently the Motion of the Mercury in this 
Barometer would be half leſs than in the common Barometer. But as 
the Tube here has at its Top the Globe A B of a "args Diameter, a ſmall 
Deſcent of Mercury in this Globe will ſupply enough to cauſe a Riſe of 
three Inches in the Tube FG; and thereby the whole. Variation of the 
Heights of the Mercury of the common Barometer is ſupplied to this Ba- 
rometer. Now let us ſuppoſe the whole Circumference of the Pulley 8 D 
to be of three Inches, — it will make one Turn, while the Mercury 
of the Tube G F, by its riſing, will raiſe up the Iron Ball upon its Sur- 
face three Inches: and ſo the Hand L K will with its ſmall End deſcribe 
the whole Circle LMD ON L. If the Diameter of this Circle is of 
one Foot, the Motion of the Mercury in this Barometer will appear to be 
of more than three Feet. This Barometer ſhews the conſiderable Varia- 
tions of the Height of the Mercury very well ; but when the Mercury firſt 
begins to riſe. or fall, in, the Tube G F with, a ſmall Convexity, or a 
ſma}l Concavity, the little Iron Ball has not Motion, enough. to cauſe the 
Pulley S D to begin to turn, becauſe it cannot be without ſome Friction 
upon its Axis, which binders one from ſeeing the ſmall. Variations of the 
Mercury ; but when the Pulley begins to move, its Motion is greater 
than it ought to be at that time. This is doubtleſs an Inconveniencꝝy not 
cafily to be remedied. This Barometer is alſo liable to many other In- 
conveniencies, which have been taken Notice of in the Philoſoph. Tranſact. 
Ne 185. and therefore we may look upon it as of no Uſe. 


20. Ix the Veat 1672 Mr. Huygens invented two Sorts of Barometers, 


of which I ſhall only deſcribe the beſt here. The Tube O MP 1525; 
Inches long, and turn d up at Bottom near MP; to each End of this 
Tube is faſten'd a Glaſs, Cylinder O H, P C. 14 Inch high, and whoſe, 
Diameter is 10 Times greater than thatof the Tube; from the Middle of 
the lower Cylinder P C riſes another Tube CN. I ſhall: ſay nothing 
here of the way. that this Barometer is ta be fill d, becauſe it. may be 
learn'd. in the Deſcription that Mr. Hagens gives, of it. Let. us then 
ſuppoſe: the upper Cylinder to be fill d with Mercury. up to K, and-t 

lower up to L, then the true Height of the Column of Mercury would. 
be VK. If the Mercury ſinks an Inch from K to R in the upper C 
linder, it muſt riſe an Inch in the lower Cylinder from L. to 8, and then 
the true Height of the Mereutial Column will be IR; that is, Wo 


Inches. ſhorter than K V ; ſo that if the common Barometer has e | 
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tion of two Inches, this will have only half of that Variation, v/z. one Lect. X. 

Inch. But the lower Cylinder muſt be fill d with Water from L to C: — wy EY 

if then the Mercury ſhould fink in the upper Cylinder from K to R, and pig. 13. 

riſe in the lower Cylinder from L to 8, the Water of the Cylinder PC 

would preſs upwards. Now if the Water was without Weight, it muſt 

riſe in * Tube CN 100 Inches, ſince the Bore of the Cylinder P C is 
loo times greater than that of the Tube, ſuppoſing its Diameter as 10 to 

1. But Water is heavy, its ſpecifick Gravity being to that of Mercury 

as 1 to 14; and therefore 14 Inches of Water from L to G will preſs 

upon the Mercury L L with as much Force as one Inch of Mercury does 

at 8 L: therefore it does not ſignify whether the Mercury LL be com- 

preſs'd by an Inch of Mercury 8 L, or by 14 Inches of Water G L; 

therefore one muſt begin to take the true Height of the Column at the 

Line of Points I $. Now let the Water be at G, when the Mercury ſtands 

at K. If the Water roſe in the Tube as high as N, and the Mercury 

ſhould fink in the upper Cylinder down to R, riſing only to 8 in the 

lower, then the true Height of the Mercury would be IR—IM, ſup- 

ſing I M to be , of 8 N, fo that the true Height would be MR: 

Now we muſt determine the Proportion that there is between the Diffe- 

rence of the Heights of the Columns of Mercury I K, M R, which are 

conformable to the Heights of the Water at G and N. See it done in a 9 

little Compaſs algebraically in the Notes*. But here at length, for the * Ann. 4, 

ſake of thoſe who do not underſtand Algebra. 

Lr us ſuppoſe our Atmoſphere to have its leaſt Weight; for Exam- - 

ple, to weigh equally with 28 Inches of Mercury in the Tube of the 

common Barometer : let the Length of the Tube N C be of 28 Inches, 

and wholly fill'd with Water up to N; then the Weight of thoſe 28 

Inches of Water will be equal to the Weight of two Inches of Mercury : 

therefore the Weight of the Atmoſphere, which acts upon N, com- 

preſſing it, and which is equal to 28 Inches of Mercury, will, together 
4 with the Weight of the Water NC, make a Preſſure equal to 30 Inches 2 

of Mercury : fo that the Height of the Mercury in the Cylinder H O, _ 
and in the Tube OM P, muſt be of 30 Inches above the Surface = 
of the Mercury in the Cylinder C P. 

In this Reaſoning I have ſappos'd the Water which comes down in 
the Tube NC to take up no Room in Height in the Cylinder C P, 
(which is true, when the Cavity of the Cylinder CP is infinitely greater 
than that of the Tube N C;) and then the Water in the Tube N & muſt 
have a Motion of 28 Inches, when the Mercury in the common Baro- 
meter moves two Inches: the Water riſes fo much the more in the Tube 
N C as the Preſſure of the Atmoſphere is the lefs, and the Mercury falls 

Vo. II. M m the 
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Lect. X. the more in the common Barameter : on the contray, the Water de- 


* 
1 * 
| | 


Plate 21, 


a Fig. 15. 


ſcends in the Tube NC, when the Preſſure of the Atmoſphere increaſes, 
and the Mercury rifes in the Tube of the common Barometer; ſo that 
the Motions of the riſing and falling of the Water in the Tube NC, are 
juſt the reverſe of the Riſe and Fall of the Mercury in the Tube of the 
common Barometer. | | 5 

WI rROVur making any more Suppoſitions, let the Water actually 
fink, and paſs from the Tube N C into the Cylinder C P; when the At- 
moſphere becomes heavier, the Water will take up ſome Space, and con- 
ſequently the Mercury will be preſs'd upwards fromthe Cylinder CP 
into the Cylinder HO, if the Water of the Tube ſhould puſh the Mer- 


cury from $ to LL in the lower Cylinder, the Mercury muſt alſo run 


into the upper Cylinder, and riſe to an Height equal to 8 L; that is, if 
the Mercury had ſtopp'd before at the Height R R, it would then riſe 
up to the Height K K, whence it would happen, that the whole Height 


of the Column of Mercury, which was before RI, would in that Caſe 
become K V: If then RI had been. before of 30 Inches, K V would 
then be of a greater number of Inches, at leaſt of a more conſiderable 
Height, and would conſequently preſs downwards with more Force than 
before, and thus the Water will be a-new puſh'd from the Cylinder CP 


upwards into the Tube NC, till the Weight of the Water, join'd to 
that of the Atmoſphere, becomes in aquilibrio with the Preſſure of the 
Column K V; hence it comes to paſs, that the Fall and Riſe of the 
Water in the Tube NC will be ſo much the greater, as the Cylinders 


CP, HO, are of a larger Bore, in reſpe& of the Tube N C. If the 


Cylinders were an hundred times larger than the Tube N ©, and all the 
Water ſhould pals from N C into the Cylinder C P, it would there make 


an Height of , Inches, or ,; thus the Mercury in decſending as 
much from 8 to L in the Cylinder CP, and rifing from R to K in the 
upper Cylinder H O, would form a Column K V of 29 ++ Inches, 


which could not happen if the Variation in the Motion of the Mercury 
was but of two Inches, unleſs it were of 2 1 Inches. Experience has 


taught, that the Variation of the Height of the Mercury is actually of 


2 2 and even ſomething more; therefore it will be found, that th: 
Variation of the Height of the Water in the Tube N C, mult be at leaſt 


of 28 Inches. 


W'᷑ have here ſuppos'd, that Water was pour'd into the Tube C N, 
but, as it would freeze in Winter, Mr. Huygens wanted to have it mixed 
with Spirit of Nitre, and ting'd with Vitriol, the better to ſee where it 
ſtood in the Tube. And as Water is liable to evaporate, he was for 
having a Drop of Oil of Almonds pour'd upon it. This Barometer 2 


. 
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Mr. Hugens's great Genius and Penetration; but yet it is not made uſe Lect. x. 
of, bee it cannot be made without much Pains and Trouble: beſides, f. 
it is liable to ſome Inconveniencies; for the Drop of Oil, which muſt be Pig. i. 
pour'd in from above, ſticks to the Side of the Tube, and occaſions the 
Water, after having paſs'd thro” it ſeveral times, to make the Tube o- 
aque, by fpreading it. But the greateſt Inconveniency is the Action of ö 
Heat and Cold, which Cauſes the Liquor in the inferior Cylinder LC 8, 
and in the Tube CN, tobe affected like the Liquor in the Ball and Tube 
of a Thermometer. For this Liquor being rarefied by Heat, and con- 
dens'd by Cold, it happens that the fame Quantity ef Water riſing up to 
different Heights, is in æguilibrio with different Quantities of Mercury: 
and therefore if, upon this Barometer, you would exactly mark the true 
Height of the Mercury, you muſt have a Thermometer juſt by fill d with 
the ſame Liquor, whoſe lower Cylinder contains as much as PC, witha 
Tube, whoſe Diameter is like that of CN: then the Riſe or Fall of Li- 
quor in this Thermometer muſt be ſubſtracted from, or added to the 
Riſe or Fall of the Liquor in CN, the Tube of the Barometer; or, at 
leaſt, there muſt be a very exact Scale graduated upon ſore other Ther- 
mometer, to compare with it the Elevation of the Liquor in the Baro- 
meter, in order to make proper Allowances for what we have taken no- 
tice of; and this has been done very exactly by ſome learned Men. Some 
People have ſince endeavour'd to make theſe Barometers more ſimple, 
filling them with Mercury and Spiritof Wine: Inſteadof theCylinders CP 
and HO, they only take Balls made like Pears, to which the Tubes may 
be join'd more eaſily by the Glaſs. Blowers; but by this Make, one takes 
away all the Exactneſs which Mr. Huygens had chiefly regard to, and alſo 
multiplies its Errors, as well becauſe the Spirit of Wine is continually 
evaporating out of the Tube NC, which is open, as becauſe it is liable 
to great Evaporations from Heat and Cold: laſtly, another Inconveniency 
is, that one cannot make an exact Scale for the Tube CN, becauſe of the 
l igure of the Bodies HO, CP, which are like Pears in this laſt Con- 
ruction. Ft : 
Tus Variations of the Height of the LiquoPin this Barometer certainly 
do not deſerve the Pains that we are oblig d to take to make it fit for Ob- 
ervations; and therefore other Philoſophers have endeavoured to make it 
uſcſul by making Alterations in it. It is ſaid, that Br. R. Hooke was the 
lit who had that Deſign in the Year 1668, and: that Mr. Hubin in 
_ France communicated it to the Publick in 1674; and laſtly, that the 
Deſcription of it was given in the Phrlof. Tranſactions, Ne 185. Mr. 
De a Hire had the ſame Defign afterwards and there is reaſon to think, 
that he did not knoxy that any body had before him given a Deſcription of 
6 M m 2 this 
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this new Inſtrument, which may eaſily happen; for it would be wro 
to ſuſpect this great Mathematician of being willing to aſcribe to himſelf 


the Diſcoveries of another, and publiſh them as his own. 


21. Tris new Barometer, or old one improv'd, was made in the fol. 
lowing manner. 
Tur took three Cylinders or Boxes, OX, ZC, DQ, of the fame 


Diameter and Height, two of which, OX, Z C, are faſten'd to the 


Tube O8 Z, as in the former Barometer, but to the upper Tube CD is 


join' d a third Cylinder QD. The Tube DC is of an indefinite Length, 
but yet it is ſo conſtructed, that the Square of the Diameter of the 


Tube DC muſt be to the Square of the Diameter of the Cylinder CZ, 
as the Height to which the Mercury can riſe in the Cylinder CZ, 
is to the requir'd Height of the Tube CD. Let us ſuppoſe this Baro- 
meter to be duly fill'd with Mercury; that in the Cylinder OX the Mer- 
cury ſtands near A, and from thence fills all the Tube OSR, and is 
come into the lower Cylinder Z C, quite to B: You muſt pour down 
upon the Mercury Brandy colour'd with Cochineal, from B to the Mid- 


dle of the Tube near G; then pour on Oil of Turpentine from G into 


the Cylinder DQup to K. Then when the Mercury goes down in 


the Cylinder OX from A to L, it muſt riſe as much in the lower Cylinder 
from B to H, which makes the Brandy with the Oil of Turpentine riſe 
as much, and go up into the Cylinder QD, from K to N, fo that there 
is then the ſame Height and Preſſure as before upon the Mercury in the 
inferior Cylinder CZ, becauſe BK HN; conſequently the Preſſure, 
which acts upon the Mercury B, does not change, but always remain 
the ſame ; ſo that here you have only a recurve Barometer, upon whoſe 
Mercury all Variation of Preſſure depends only upon the Preſſure of the 
Air. As this Variation in the common Barometer is equal to three 
Inches, in this Barometer it will be equal to 1+ Inch; and the Mercury 
may riſe in the Cylinder O X from A to Pp, which is the Height of + 
of an Inch, and ſink from A to L, which is likewiſe + of an Inch: 
therefore the Mercury will fink in the Cylinder Z C from ; to R, which 
is + of anI nch, and riſe from B to H, which is alſo + of an Inch, and there 
will be in the upper Cylinder DQ Variations of the ſame Dimenſions. 
Now let us ſuppoſe the Diameter of the Tube CD to be of one Line, 
and the Diameter of the Cylinder to be of nine Lines, then their Con- 
tents will be as 1 to 81, Then by this Analogy 1:81::15:1215, 
the Tube CD muſt have for its Length 121 + Lines, (or 10 Inches 1; 


Line) ſo that the Liquor, which ſtood at G when the Mercury was near 
A in the Cylinder O X, will deſcend from G to C, when the * 


A Courſe of Experimental Philoſophy. 269 

ſhall riſe from A to pP; and when it falls from A to L, the Liquor Lect. X. 
will riſe from G to D. In this manner may a Barometer be made, Rr 
which ſhall be ſenſible, or moveable, to what degree you pleaſe. This pig. 16. 
Invention is very plain and ſimple, and much more eaſy to comprehend 
than Mr. Huygens's former Barometer: but yet it has its Defects, which 
Experience has diſcover'd, and we ſhall ſhew here. nd: gn Fay 

Tux Oil of Turpentine ſticks to the Tube G D, fo that when the 
Brindy riſes, it cannot wholly clear the Oil from the Tube, fo that it is 
forc'd to go through the Oil, which makes it opaque as well as the Tube. 
To prevent this Inconveniency, Philoſophers have endeavour'd to change 
the Liquors, taking a Solution of Pot-aſh and Oil of Petre; but this is no 
Cure for that Inconveniency, which ſtill remains the fame, and they 
have never yet been able to corre& this Fault by any kind of Fluid hi- 
therto employ'd for this purpoſe. Perhaps hereafter Chemiſtry may ſup- 
ply us with ſome Fluids, leſs attracted by Glaſs, and conſequently leſs 
iable to adhere to it. | 

Tux lower Liquor of the Tube C D, and of the Cylinder CZ, is like 
that of a Thermometer, thereforeone muſtalways have a Thermometer at 
hand, whoſe Variations muſt alſo be large, in order to rectify the Height G 
in the Tube C D. It is therefore reaſonable to defer uſing this Barometer, 
till means have been found to remedy theſe two Inconveniencies. 


22. Tus pendent Barometer, which uſed to be made and ſold by Plate 21. 
Mr. Patrick, (the late Toricellian Operator in the Old Bailey) was really Pg: 17. 
invented by Mr. Amontons, who publiſh'd a Deſcription of it in the Year 
1695. He took a long Tube AB, whoſe Bore was conical, biggeſt at 
Bottom, and there only of an Inch wide. Let us ſuppoſe this Tube 
with the Hole downwards to hold 31 Inches of Mercury from A to C; 
as the whole Variation of the Height of the Mercury in #4 common Ba- 
rometer is from 31 to 28 Inches, let us fuppoſe the ſame Quantity of 
Mercury that was in A C to be but 28 Inches long, when it is in the 
lower Part of the Tubeat DB; then it is certain, that when the Mer- 
cury ſtands at 31 Inches in the common Barometer, it muſt in this riſe 
up to AC, where the Column of Mercury will be 31 Inches long, on 
accountof the Narrowneſs of the Tube: and when the Mercury is loweſt 8 
in the common Barometer, the Column in this muſt come down to DB, 
where, by the greater Width of the Tube, the Column will be ſhorten d 
10 28 Inches; therefore the Courſe of the Mercury in this Barometer will 
be from A to D, whilſt it is but three Inches in the common Barometer. 

If then the Tube BA is of the Length of BD+ DA=28 + 31 
= 55 Inches, the whole Motion of the Mercury in this Barometer * 
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Lect. X. be of 31 Inches, which is above 10 times more than in the common Ba- 
W=— rometer. The Hole at Bottom B muſt be but , of an Inch in Diame- 


ter, leſt the Mercury ſhould fall out of this open Tube; and. then the Air 
preſſing upwards will ſuſtain it like a Bottom, or folid Piſton. Some 
Perſons uſed to call this a Sea-Barometer *, becauſe it may be carried 
conveniently to Sea inverted, and then held upright in the Hand in the 
Sitaation AB, when you want to uſe it. Therefore it has been much 
uſed within, theſe 35 Years, and eſpecially at Sea; and to hinder the 
Mercury from coming out of it at Bottom, as it might happen at Sea by 
the Shake of the Ship, a little Cotton is thruſt up into the Tube near B, 

thro which the Air preſſes freely: and if then by Accident ſome of the 
Mercury ſhould break off, and fall from the Column AD, you need 
only turn up the Tube, and what fell off will join again to the reſt, 
This Invention is very fimple ; but by many Years Obſervations the fol- 
lowing DefeQs have been found in it. 1*. The Friction of the Column 
of Mercury againſt the inner Surface of the Tube is very great, becauſe 
that Column muſt riſe a great way in a little time. In the Caſe where 
there is 10 times as much Motion as in the common Barometer; when 


it is obferv'd that the common Barometer is a little riſen, this has not 
mov'd at all: you muſt ſhake the Tube to make it riſe, and then it will 


riſe very much, 


2%, Hee is another Defe& greater than the former. When you 
have ſhak'd the Tube, and obſerv'd where the Mercury ſtands, if you 
ſhake the Tube a ſecond Time, the Mercury immediately rifes or falls, 
and does not come to the Place where it ſtood before. Vet it muſt be 
confels'd, that that Defect is the leſs, when you make uſe of a Tube 
where the Range of the Mercury is but twice or three times greater than 


in the common Barometer. It is very likely, that thoſe who praiſe this 


Barometer have not ſeen it, or at leaſt not compar'd it carefully with 


other Barometers. It may do for Seamen who are not very nice, but 
will not ſtand the Examination of a Philoſopher. | | 


23. Herr follows another fort of Barometer, invented by Mr. Do- 
minick Caſſini, and improv'd by that excellent Mathematician Fobn Ber- 
zoull;, To a large Barometer Tube AB +, whoſe lower End BH is a 
little turn'd up, muſt be join'd at right Angles another Tube of a very 
ſmall Diameter (for Example, + Inch) placed horizontally, and open 
at C, where it may be turn d up about an Inch, tho' that is not neceſ- 


ſary: 
* The Marine Barometer is angther kind of inſlrument contriv'd ſince by Dr. Heeke, and ſhall 


be deſerib'd in its Place; but this will hardly be of uſe, unleſs when the Motion of the Ship is 


e:cremely ſteady. 
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fary* I found it ſufficient to have the Angle right at the Joint with B C. Lect. X. 
Now let us ſuppoſe the Mercury to have a Motion of three Inches from FE" ( 
D to L, as in the common Barometer, and that the Space'D L contains Fig. + wh 
as much as I C, the whole Cavity of the ſmall Tube; then the Mercury 
of the Tube of the Barometer will ſtand at D, when in the ſmall Tube 
it will ſtand at I. The Mercury deſcending from D lower than 14 
Inch, will fill the Space TE in the narrow Tube, and ſtop at E; but 
if it continues to fall in the Tube A B from G to L, it will advance in 
the narrow Tube from E to C; and as the Diameter of the Tube A B 
may be taken in any Proportion to that of I C; for Example, of 100 to 

1 ; this Barometer may be made as moveable as you pleaſe, and even. 100 
times more ſenſible than the common Barometer. The Conſtruction of 
this Barometer is the eaſieſt of any I know, and deſerves much to be 
valued, on account of its Inventors and great Range. Vet we may men- 
tion ſuch Defects of it as Experience and Obſervation diſcover. Air ſome- 
times introduces itſelf between the Parts of the Mercury in the Tube I C, 
and ſeparates them from one another, when I C is too large. To re- 
medy this Inconveniency, that Tube muſt not be above , of an Inch in 
Diameter, or even leſs, and the Mercury you uſe muſt by Fite be purg'd 
of all its Air; the Tube I C muſt alſo be very clean, and quite new. And 
yet, after all this, the Mercury grows fou! in time by its Contact with the 
Air, which often cauſes the Mercury to part as it moves from C towards 
}, at leaſt (mall Globules break off, which ſtop here and there in the fore 
Part of the Tube that is empty. This Defe& caus d by a Separation in 
IC, is yet worſe, when you make Uſe of Water, or other Liquors, as 
was done at firſt. But there is another much more conſiderable Fault; 
and that is, the great Friction of the Mercury againſt the Glaſs, which 
makes this Barometer leſs ſenſible than the common. I have indeed 
daily obſerv'd, that when the Mercury moves in the common Barometer 
3 Or -- of an Inch, it ſtill remains in its Place in this Tube; but if 
the Variation increaſes in the common Barometer, then the Mercury in 

I C moves very faſt, and ſometimes too far, If you ſtrike the Place 
where the Inſtrument hangs to make the Mercury vibrate, it will not re- 
turn twice to the ſame Degree: nay, it will differ an whole Inch, when 

I C is three Feet long. Notwithſtanding all theſe Faults, this Barometer | 
deſerves to be improv'd, as we hear Mr. Bulfinger * is about it, Yet I * See the Pe- 
don't know how the Friction in the Tube may be remedied, unleſs the 1 
Tube I C could de poliſh'd in the Inſide, and then J fear the Attraction 

of Coheſion would be ſtill an Hindrance. 


a. 
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Led. X. 24. Ir would be tedious to mention here any other Contrivances that 
hase been invented to render Barometers more ſenſible than the com- 


mon; but as they have all Defects, and the beſt of them are difficult to 
manage, I will only ſay here that the beſt Inſtrument of that Kind was 
invented by the Rev. Mr. Jobn Caſwell, Profeſſor of Aſtronomy at Ox- 


ford. It is indeed only for preſent Uſe ; but it is 1200 times more ſen- 


ſible than the common Barometer. Its Deſcription with Calculations 


* Annot. 5. ſhewing its Senſibility, may be ſeen in the Notes *. 


25. Bur afterall, the common Barometer is the beſt and rhe moſt laſt- 


ing, and the moſt to be truſted to for good Obſervations, and by apply- 


ing Nomus's Diviſions to the graduated Plate, one may know the Riſe 
and Fall of the Mercury to the 100th or the 200th Part of an Inch: But 


unleſs it be well made and well fill'd (which is very difficult to do, and 


underſtood by few Workmen) there is no depending upon it: In order 
therefore to have the Barometer perfect, the following things are requir'd. 
I. Tye Tube muſt be new and very clean within, which you may 


be ſure of if the Tube be hermetically ſeal'd at the Glaſs-Houſe, to keep 


it free from any Duſt till you uſe it, after having open d one End of it 
with a File. | 

2aly, TE Bore of the Tube muſt be large, to prevent the Effects of 
the Attraction of Coheſion, which hinders the free Riſe and Fall of the 
Mercury, Not leſs than a Quarter of an Inch; but I ſhould rather chuſe 
z of an Inch, | 

34%, Tat Diameter of the Ciſtern that holds the ſtagant Mercury | 
mult be very large in proportion to the Diameter of the Bore of the Tube, 


ten times greater at leaſt ; otherwiſe you will not have the right Meaſure 


of the Length of your Mercurial Column. N 
4thly, Tux Mercury muſt be very pure, and not falſified by the Mix- 
ture of any Metal. 
5thly, Tux laſt thing to be conſider'd is the preparing the Mercury 
and filling the Tube properly; which I learn'd from my learned and in- 
genious Friend Profeſſor P. V. Muſchenbroek, whois as accrate in making 
Experiments as he is faithful in relating them. According to him then 
we muſt proceed as follows : s i 
TAKE the fineſt Mercury, no way falſified, and having ſtrain d it thro 
a clean Leather, put it into a glaz'd Earthen Pipkin, which muſt be co- 
ver'd with a Cover that exactly fits it, This Pipkin muſt be ſet upon a 
clear Charcoal Fire, and there left till it boils: the Mercury then becomes 
volatile, but it is kept in by the Cover of the Pipxin. The * _ 
| ung 


Nail 
Tube Veing jult cut open at ane End with a Eile, muſt be arm d 


1 Tat 7 


long. Fire" to make it equally hot all over, nay, very bot, that gt} 0 
ö 25 Air n nee it may pd off from its Iöſide “. Fot wan 


within. * c nitays the Mercuty which is now bolling may diſſipate 


the whale ir, py wan eg 5 Then itb a! — 
of a farge. Barvinerer” Tubes made a long Glaſs Funnel by drawing She 


End of it into a yg capillary Tube, which mat be a little 5 55 than 
| Funnel, 


would ſtick to the Inſide of che Tuber 1 FR 
Wne u you woüld know whether the Tube be well ll d, you muſt 


Light adheres. There ate few Barometers but what give Light, when 
they are ſhak d, which are a Proof of their Imperfection: If you let in 4 


2d i with = @ry Hand tor Paper) all you excite The Fire will indeed give this EleRricity, but 


icity in it, which you will find by its at- not ſo ſoon as rubbing. 
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ſmall Bubble of Air, ſo as to have-it run up into the upper Part of a per 
fect Barometer which gives no Light, you will then perceive it to begin 
to ſhine. People uſed to imagine tat the luminous Barometers were the 
beſt, but that is an Error; for the contrary is obſerv'd, The Ligh 
which Barometers, give is a Phanomenon, which has already given Phi. 
loſophers much Trouble; and perhaps the Cauſe of their Opacity will 
give them, as much. And indeed fince Light Mee Lures thro: the Pore: 
of the Glaſs, this Queſtion may be propos d: Why does not Mercury 
ſhine without Air, and on the contrary why does it ſhine with Air? 
There is ſome. Probability that Light ſticks to the Air, and that coming 
along with it into the Tube thro the Parts of the Mercury, it appears 
at the Top of the Mercury, riſing and falling with its Surface, tho it is 
ſometimes ſeen alone, when the Mercury falls in the Tube. The Light 


in the Tube of the Barometer has bean obſerv'd:in France, and a Deſerip- 


tion of it given in the Journal des Sgavans for the Year 1676. The 
famous Mr. ** Bernouilli has alſo treated of it at length in a Diſpute 
with Mr. Nebel. | | | 

WnuxN once you have a Barometer well made, you may. obſerve that 
the Surface of the Mercury becomes convex in the Tube as ſoon as the 
Mercury begins to riſe, and that it becomes flat, when it is going to fall. 
This Convexity, which is form'd in the Middle, is caus'd by the Attrac- 
tion. of the Mercury to the Glaſs, as alſo by the rough Surface of the 
Glaſs, which hinders the whole Column of Mercury from riſing, as the 
Middle does, which is not expos'd to this Attraction and Friction. Con- 
ſequently if. you conſider the Height of the Mercury in the Tube, as it 


touches the Sides of the Glaſs, you have not then the full Height of the 


Column of Mercury, which is in æguilibrio with the Height of the At- 


moſphere, but you have a ſhorter Column: therefore you muſt ſhake the 
Tube lightly, or ſtrike it gently, with your Finger, which, will unme- 
diately ſet the Mercury in Motion, and. make it riſe in the Tube to its 
true Height. One may alſo conceive in the ſame manner, why the Sur- 
face of the Mercury. becomes flat, when jt is going to fall ; the Middle 
of the Column, of Mercury ſinks, whilſt the other. Part of the Mercury 
ſill ſticks to the Sides of the Tube; if then yau ſtrike. the Tube a little, 
or ſhake it, the Mercury quits the Glaſs and falls to its true Height. It 
is well to obſerve all theſe Circumſtances, when you would make exact 
Obſervations with a Barometer. (Re 


26. Turk is a remarkable Experiment relating to the Barometer or 
Toricellian Experiment, which we muſt not paſs over without no- 


tice; and is this. If you have a. Glaſs Tube of a ſmall Bore, 2 
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or 8o Inches long, and you fill it with Mercury that has been thoroughly Lea. X. 
purged of Air in the manner above - mention d, or any other way, pro- — 
vided it be pure and well cleans d, when you invert it inta a Veſſel of 
ſtagnant Mercury with care, and without ſhaking, the Mercury inſtead 
of coming down to 30 Inches, the Height at which the Preſſure of the 
Atmoſphere can ſuſtain it, will continue to fill the Tube, and not come 
down at all, and will (if nothing ſhakes the Place where this Tube is) 
continue in this Condition ſome Days; but by ſtriking the Tube with 
the Finger, or giving it a little ſhake, the Mercury comes down and ſtops 
at 30 Inches above the ſtagnant Mercury, or at any other Height between 
31 and 28 Inches, according as the Mercury ſtands in the common Baro- 
meter. Mer. Boyle alſo obſerved the Mercury to riſe up to 60 Inches in 
the Gage-Tube of his Air-Pump. Mr. Huygens likewiſe tried the Ex- 
periment ; and Profeſſor Muſchenbroek, and many others, as well as my- 
ſelf, have made the Experiment. This Phznomenon would ſeem diffi- 
cult to ſolve, if we were not acquainted with the Power of the Attraction 
of Coheſion, that acts ſtrongeſt in Contact; for when the Mercury is well 

urg d of Air, many Parts of the Mercury, which would by the Interpo- 

tion of little Bubbles of Air be kept from touching the Tube, are brought 
into Contact with it, and thoſe Particles that are in the Middle of the 
Column touch and tick to thoſe that are next to the Sides of the Tube, 
making, as it were, a ſolid Column for that time. That all this is owing | 
to the Attraction of Coheſion is plain; becauſe the Experiment will not 
ſucceed when the Mercury is not well purg'd of Air ; or even then if the 
Bore of the Tube is large. This is the reaſon why the Barometers carried 
about the Streets to be ſold, or fold cheaper than ordinary in Shops, be- 
cauſe of the ſmall Quantity of Mercury in them, are all good for nothing, 
as their Tubes are ſmall and the Attraction of Cohefion makes the Mer- 
cury ſtick to the Sides of the Tube ſo as not to riſe and fall according to 
the Preſſure of the Atmoſphere exactly, as may be ſeen by comparing 
them with other Barometers. | pn | 

Now we come to ſhew the Cauſes of the _— falling of the 

Mercury in the Barometer, or of the Cauſes of the Air's greater and leſs 
Preſſure upon the ſtagnant Mercury; which I cannot do better than by 
giving the Subſtance of our late Geometry Profeſſor Dr. Halley's excellent 

iſcourſe upon this Subject, as he has publiſhi'd it in the Philoſophical 
Tanſactions Ne 187. ſince I wholly acquieſce in his Opinion of the 
Cauſes of the various Preſſure of the Air, and the Cauſe of Rain; tho 1 
intirely differ from him, as to the Cauſe of the Riſe of Vapours and For- 
mation of Clouds ; of which my two Diſſertations annex d to this Lec- 
ture will hew my Opinion, | b Ly 
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1. Hz ſuppoſes the principal Cauſe a the Riſe aud Fall. of the Mer- 


cry fromiic 2 5 5 Winds, which are found i in the, 8 


and whoſe great Inconſtanc here in England js 
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Now fr om theſe 


Principles, he. l the ſeyeral Phenomena, of 90 Barometer, 8 
e the Air being ſoclined, to Rain, 5 N Met; 


„ THAT the Mercury' 80 being low 1 is an dico of Rain, beclue the 


Air being light, the Vapours are no longer ſupported thereby, as being 
become ſpecifically heavier than the Medium wherein they floated ; { 


Z 


that they deſcend towards the Earth, and in their Fall meeting with 
other, aqueous Particles, they i incorporate together, and from little Drops 


of Rain ; but the Mercury's being at one time lower than at another, 
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the Effect of two contrary Winds blowing from the Place where the Ba- Left-Xz 
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rometer ſtands; hereby the Air of that Place is carried both Ways ſram 


it, and conſequently, the incumbent.Cylinder of Air is diminiſhed; and 
accordingly the Mercury ſin ks: as, for Iuſtance, if in the German, Ocean 
it mould blow a Galę of Weſterly Wind, and at the, ſame. time an 
Eaſterly Wind in the Viſb Sea; or if, in France, it ſnould biw a 
Southerly Wind, and in Scotland a, Northern, it muſt be granted me, 
that that Part of the. Atmoſphere, impendent over England, would 
thereby be exhauſted, and attenugted, and the Mercury, would ſublide, 
and the Vapours, which before floated. in thoſe Parts of the Air of equal 
Gravity withthemlelves, would Gink.to the Farth.,, 1. - 11 

2. Wu v, in ſerene, goorl ſettled Weather, the Mercury is generally high? 
Tur the greater Height of the Barometer, is occaſioned by two 
contrary Winds blowing towards the Place of Obſervation, whereby the 
Air of other Places is brought thither, and accumulated; ſo that the in- 
cumbent. Cylinder of Air being increaſed both in Height and Weight, 
the Mercury preſs d thereby, muſt, needs tiſe and ſland high, as long as 
the Winds continue ſo to blow; and then the Air being ſpecifically hea- 
vier, the Vapours are better kept ſuſpended, fo that they have no Incli- 
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cury.. 


wWhic Wind blows ?.. 7 As act 
. Turs is cauſed, by the very rapid Motion of the Ait in theſe Storms; 
forthe Tract or Region of the Earth's Surface wherein theſe Winds range, 
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Led. X. blow almoſt always Trade; ſo that whenever here the Wind comes up 
2 Eaſt and North-Eaſt, tis ſure to be check d by à contrary Gale, as 
: ſoon as it reaches the Ocean; wherefore, according to what is made out 
in the ſecond Remark, the Air muſt needs be heaped over this Tland; 
and conſequently the Mercury muſt ſtand high, as often as theſe Winds 
blow. This holds true in this Country, but is not a general Rule for 
others, where the Winds are under different Circumſtances; and he 
himſelf hath ſometimes ſeen the Mercury here as low as 29 Inches 
upon an Eaſterly Wind, but then it blew exceeding hard, and ſo comes 

to be accounted for by what was obſerved upon the third Remark, ._ 
5: War in calm froſty Weather the Mercury generally ſtands high? 
Tux Cauſe thereof is, that it ſeldom freezes but when the Winds come 
out of the Northern and North-Eaſtern Quarters ; or at leaſt, unleſs thoſe 
Winds blow at no great Diſtance off: for the Northern Parts of Germany, 
Denmark, Norway, Sweden, and all that Tra& from whence North- 
Eaſtern Winds come, are ſubject toalmoſt continual Froſtall the Winter; 
and thereby the lower Air is very much condenſed, and in that State is 
brought hitherwards by thofe Winds, and being accumulated by the Op- 
poſition of the Weſterly Wind blowing in the n, the Mercury muſt 
needs be preſſed to a more chan ordinary Height; and as a concurting 
Cauſe, the ſhrinking of the lower Parts of the Air into leſſer Room by 
Cold, muſt needs cauſe a Deſcent of the upper Parts of the Atmoſphere 
to reduce the Cavity made by this Contraction to an Equilibrium. 
6. War, after very great Storms of Wind, when the Mercury has 
been very low, it generally riſes again very faſt? , IE. + 
Tuts, he tells you, he has frequently obſerved, and once found, it 
riſen an Inch and a half in leſs than fix Hours, after a long continued 
Storm of South-Weſt Wind. This ſeems to be occaſioned by the ſud- 
den Acceſſion of new Air to ſupply the great Evacuation which ſuch con- 
tinged Storms make thereof in thoſe Places where they happen, and by 
the Recoil of the Air, after the Force ceaſes that impelled it; and the 
Reaſon why the Mercury riſes ſo faſt, is, becauſe the Air being ſo much 
rarefied beyond its mean Denſity, the neighbouting Air runs in the more 
ſwiftly to bring it to an Æquilibrium; as we ſee Water runs the faſter 

Ann. 7. for having great Declivity®. | 


7. Way, in more Northerly Places, the Variations of the Barometer 
are greater than in more Southerly ? | 

Fur Truth of the Matter of Fact is proved from Obſervation made. at 
Clermont and Paris, compared with others made at Stockholm; as may 
be ſeen in the Appendix to Mr. Paſca/'s Book de PEquilibre des Liqueurs. 
The Reaſon ſeems to be, that the more Northerly Parts have uſually 


greater 


_ 
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bring the condenſed and ponderous Air from the Neighbourhood of the 
pole; and that again being check 'd by a Southerly Wind, at no great 
Diſtance, and ſo heaped, muſt of Neceſſity make the Mercury in ſuch 
Caſe ſtand higher on the other Extreme. | 5 

8. Way near the Equinoctial, as at Barbadoes and St. Helena, there 
is very little or no Variation of the Height of the Barometer ? | 

Taxis Remark, above all others, confirms the Hypotheſis of the va- 
riable Winds, being the Cauſe of theſe Variations of the Height of the 
Mercury; for in the Places above-named, there is always an eaſy Gale 
of Wind blowing nearly upon the ſame Point, viz. E. N. E. at Barba- 
does, and E. S. E. at St. Helena; ſo that there being no contrary Current 
of the Air, to exhauſt or accumulate it, the Atmoſphere continues much 
in the ſame State: However, upon Hurricanes, the moſt violent of 
Storms, the Mercury has been obſerved very low ; but this is but for 
once in two or three Years, and it ſoon recovers its ſettled State of about 
29: Inches; and there is no doubt but the ſame thing is in the Eaſt Coaſt 
of Africa, and'in India, where the Monſoons or Winds are Trade for 
half the Year one Way, and half the Year another: only it is probable, 
that there may ſomething worth noting happen, about the time of the 
Change or Shifting of the Winds; which might be obtain'd, if any body 
had the Curioſity to keep the Barometer at our Factories in India. 

Snowdon Hill in North Wales was meaſured by Mr. Caſwell with 
Mr. Adams's Inftruments, and found to be 1240 Yards high. + 

Dx. Halley found hy three exact Trials, the Mercury in the Baroſcope 
deſcended at its Top three Inches eight Tenths, and ſomething more, and 
perhaps four Inches may be near enough Truth; if fo, then divide 1240 
by 4, the Quotient is 310 Yards : ſo that any Fall of the Mercury one 
Inch argues an Aſeent of juſt 3 10 Yards in Height; but according to 
Dr. Halley's Account of three and eight Tenths of Inches, he makes 30 
Yards Height to anſwer to one Tenth of an Inch Fall: we therefore 
allow juſt 30 Yards, for Dr. Halley thought the Fall of the Mercury 
more than 32% Inches. n 


The fullwing Rules, 10 judge of the Weather by the Barometer, uſed to 
be given by Mr. John Pattiek; in Ship-Court in che Old-Bailey, che 
Toricellian Operator; and they were'the Reſult of bis orm long Expe- 


rience and Obſervation, 


29. Rules and Obſeryations on the various riſing and falling of the 
Mercury, to foreknow the Weather by the Barometer. 


1. 


greater Storms of Wind than the more Southerly, whereby the Mercury Lect. X. 
ſhould fink lower in that Extreme; and then the Northerly Winds YL 
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LIX&APKI -+::4+1T hath been obſerved; that the Motion of the Mercury d oth nat 
yn exceed 3 Inches! in its riliog or falling; 1 in the Barometer of the 3 


Form. 
2. TraT its leaſt Alterations are to be minded, in x order 10 the right 
finding the Weather by it. & dr 


1 
Tux riſing of the Mercury. n in chenerals fair: Weather, 
andi its: falling. foul; as Rain, Snow, high Winds and Storms. 
T e very hot Weather, the kallng of the” Meraury! foreſhews 
under. 
915 F. Ix Wintet, = riſing preſaget Froſt; di in Froſty Weather, ifthe 
Mercury falls three or four Diviſions; there will certainly follow _ 
Net in a continued Froſt, if the Mercury riſes; it will eertainly Fac, 
„6. Wu foul Weather happens ſoon after the falling of the M — 
expect but little of it; and judge the ſame _ the. Weather proves 
215 ſhortly after the Mercury is fiſen. £36 205] 

7. Ix toul Weather, when the Mercury riſes * and high, and 
0 continues for two or three Days before the foul Weather 8 18 oven, 
then expect a Continuance of fair Weather to follow. 

8. Ix fair Weather, when the Mercury falls — ak 150 a 
thus continues for two or three Days before the Rain comes, then ex- 
pect a great deal of Wet, and probably high Winds. 

ur unſettled Motion of the Mercury ere uncertain ad 
"changeable Weather, 9 
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4 10. Lou are not fo rely to mind the Words nana on the 
1 Plates, tho for the moſt part it will agree with them, as the Mercurys 
1 riſing and falling; ; for if it ſtands at much. Rain, and then riſes up to 
4 changeable, it preſages fair Weather; altho' not to continue fo long as 
0 it would have done, if the Mercury were bisher; ; and ſo, on the * 
4 trary. 

At N. B. The Cauſe = the 6th, 7th, and Sth of Mr. Patrick's Ar- 
"| Ann. 8. ticles are n d in the Notes , 1 01 a3 0 
"ut 9 4 | 7 
5 ABovuT the Year 1710, Monf, Leibnit 2; advanced a new Principle to 
ll explain the Cauſe of the Variation of the Barometer, in! a'Letter which 
W he wrote to the Abbe Bignon ; which Monſ. Fontenelle, Secretary of the 
# Royal Accademy of Sciences at Paris, illuſtrates in the Hiſtory of the ſaid 
1 Academy for the Year 1711. As that Principle is falſe, I wr 2 
upon ir in the Vear 1719, and as they are ſuitable for this Subject, I 


ſhall inſert them here, having firſt quoted Monſ. Fontenelk's Account 
and Illuſtration of Monſ. LANES s Fee 
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| Monſ. Fontenelle's Paper is as follows: | 
30. IT appears by the Barotneter, that when it rains, or a little before Lect. X. 

Rain, the Air comtmonly becomes liguter. That it muſt rain when the 
Air becomes lighter; it is eaſy to imagine: for the imperceivable Particles 
of Water, that ſwim about in the Air in prodigious Quantity, not being 
ſufficiently ſuſtained when the Air has loſt a certain Degree of its Weight, 
begin to fall, and ſeveral of them joining together in the Fall, make 
Drops of Rain. 80 when about half the Air is drawn out of the Re- 
cipient of the Ait- Pump, (and conſequently the remaining Air is as weak 
again as at firſt) ſomething like a ſmall Rain falls. But why ſhould the 
Air become lighter? One might imagine that in the Place where it rains, 
it may have loſt ſome of its Weight and Bulk, by means of the Wind's 
carrying away ſome Part of it: but Monf. Leibnitz, in a Letter to the 
Abbot Bignon, gives a more ingenious and more new Reafon for it. 
He pretends that @ Body, «which is in à Liquid, weighs with that Lui; 
and makes i part of its whole Weight, fo long as it is ſigained in it 
but if it ceaſes to be ſuſtained, and conſequently falle, it Werght mates 
no longer a Part of the Weight of the Liquid, which thereby comes to 
weigh leſs, This may naturally be applied to the abovementioned Par- 
ticles of Water; they inereaſe the Weight of the Air, when it fuſtains 
them, which is diminiſhed When it lets them falt: and as it may often 
happen, thatthe Particles of Water that are higheſt, fall a confiderable 
time before they join' with thoſe that are low, the Gravity of the Air 
diminiſhes before it rains, and the Barometer ſhews it. This new Prin- 
ciple of Monf. Leibnitz's is ſurprifing : For muſt not a ſtrange Body, 
whether ſuſtain'd in a Liquid or not, always weigh? Can it gravitate 
upon any other Bottom than that whieh ſuſtains the Whole Liquor? 
Does that Bottom ceaſe to carry a ſtrange Body, becauſe it falls? And is 
not that Body all the while it is falling, part of the faid Liquid, as to 
the Weight? At that rate, whilſt a chymical Precipitation is made, the 
whole Matter ought to weigh lefs, which has never been obſerved, and 
ſcarce appears credible. Notwithſtanding theſe Objections the Principle 
holds good, when more cloſely examined. What ſuſtains a heavy Body 
is preſs'd by it. A Table, for Example, which ſuſtains a Pound Weight 
of Iron, is preſs d by it, and is ſo only becauſe it ſuſtains the whole Action 
and Effect of the Cauſe of Gravity (whatever it be) to puſh that Lump 
of Iron lower. If the Table ſhould yield to the Action of that Cauſe 
of the Weight (or Gravity,) it would not be preſs'd, and therefore would 
carry nothing. Aﬀer the ſame manner the Bottom of a Veſſel, which 
contains a Liquid, oppoſes itſelf to all the Action of the Cauſe of Gravity 
a O o againſt 
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Lect. X. againſt the ſaid Liquid: If a ſtrange Body ſwims in it, the Bottom op- 
— ſpoſes itſelf alſo to the ſaid Action againſt that Body, which, being in 


Plate 21. 
Fig. 21. 
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æquilibrio with the Liquid, is in that Reſpect really a Part of it. Thus 
the Bottom is preſs'd both by the Liquid and the ſtrange Body, and ſuſ- 
tains them both. But if the Body falls, it yields to the Action of Gravity, 
and conſequently the Bottom does no longer ſuſtain it, till the ſame 
Body is come down to the Bottom. Therefore, during.the wholetime of 
the Fall, the Bottom is eaſed of the Weight of that Body, which is no 
longer ſuſtained by any thing, but puſh'd down by the Cauſe of Gravity, 
to which nothing hinders it from yielding. Monſieur Leibnitz, to con- 
firm this Notion, propoſed an Experiment. He ſays, that two Bodies 
muſt be tied to the two Ends of a Thread, the one heavier, and the other 
lighter than Water, yet ſuch as both together may ſwim in Water: Put 
them into a Tube full of Water, the Tube being tied to one End of the 
Beam of a Balance, whoſe other End has a counterpoſing Weight. Then 


if weeut the Thread which ties the Bodies together, (that are of unequal 


Weight) ſo that the. heavieſt may preſently deſcend, he ſays, that in 
ſuch. a caſe the Tube would be no longer in æquilibrio, but its counter- 
poiſing Weight would preponderate, becauſe the Bottom of the Tube 
would be leſs preſs d. It is plain, that the Tube muſt be ſufficiently long, 
that the falling Body may not reach the Bottom. before the Tube has 
time to riſe, In chymical Precipitations, the Veſſels are either too ſhort, 
or what is precipitated falls ſometimes too faſt, and ſometimes too ſlow; 
for then the little Bodies are always (as to Senſe) in æguili brio with the 
Liquor that contains them. * | 

3 Ramazzini, the famous Profeſſor at Padua, to whom 
Monſ. Leibnitx had propoſed his Experiment, has made it with Succeſs, 
after ſome fruitleſs Trials. Monſieur Reaumur (to whom the Academy 
had recommended it) has alſo made it with Succeſs. This-is'a new 
View in natural Philoſophy, which, tho' it depends upon a well-known 
Principle, is very ſubtle and far-fetch'd ; and gives us juſt Reaſon to fear, 
that in Subjects that ſeem. to be exhauſted, ſeveral Things may yet 
eſcape us. | | 


Remarks upon Monſieur Leibnitz's new Principle. 


Plate 21. Fig. 21. 

31. LET AB. be the Bottom of a Veſſel full of any Fluid; whoſe 
Top is either wider than the Bottom, as G H; narrower, as E F, or 
equal to it, as CD. The Preſſure of the Fluid upon the Baſe A B will 
be equal to the Weight of CB, or of a Cylinder or Priſm of * 

| ; id, 


3 
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Fluid, made up of the Area of the Baſe multiplied into the particular Lect. X. 
Height above it. If the Fluid be equally denſe every way as 
Water, or of a Denſity uniformly diminiſhed as you go upwards, this 


Propoſition, call'd by Mr. Beyle the Hydroſtatical Paradox, will hold 
good, This is demonſtrated by all Hydroſtatical Writers, L. 7. Ne 16. 


Plate 21. Fig. 22. 

LeT EF repreſent Part of the Surface of the Earth, and GEF H a 32 
Pillar of the Atmoſphere, whoſe Height is G E, the whole Height ofßß 
the Air. Let us imagine the Vapours riſing out of the Earth to form | 
themſelves into two Clouds A and B, and to ſettle in that Place where 
the Air is of the ſame ſpecifick Gravity with themſelves. It is evident 
that they will cauſe the Air to riſe ſo much higher as their Bulk amounts 
to, and will therefore make the Surface, which was at G H, to riſe up 
to I K, ſo that the Bottom E F, which was preſs'd by a Pillar of Air; 
as GE F H, is now preſs d by an higher Pillar IEFK. Now if the 
Clouds A, B, by any Cauſe ſoever, change their Place, fo. as to come 
downwards, (for Example, to C, D) the Height of the Pillar IE FK 
will remain the ſame as it was, and therefore the Bottom E F will be 
prels'd as before, by the foregoing Propoſition. 


COROLLARY I. - EY | 
Ir the Clouds A, B deſcend, and in their Deſcent keep the ſame Bulk 


as they had before, the Surface I K will remain the ſame, and therefore 
EF will be preſs'd as before. | Ws | 


COROLLARY. 2. 
WHETHER a Body be ſpecifically lighter, or ſpecifically heavisr than 
a Fluid; ſo long as it is detained in it, it will add to the Fluid as much 
Weight as the Weight of an equal Bulk of that Fluid“: Wherefore a · L. 8. 
Body does not loſe all that Weight which it added to the whole Weight 


of the Fluid, when it ceaſes to be ſuſtained in the ſaid Fluid: contrary to 
Monſ. Leibnitz's Principle. 


SCHOLIUM. 

Ir a Cloud, by any Cauſe whatſoever, becomes ſpecifically heavier 
than that Part of the Air in which it ſwims, the Exceſs of its Gravity 
above an equal Bulk of Air will make it deſcend, and accelerate its Mo- 
tion downward ; and then indeed it will loſe of its Weight by the Reſiſ- 
tance of the Medium, till it comes to an uniform (or ſenſibly uniform) 
Motion ; but all the Weight that it will loſe will only be the Exceſs of 
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| Let. X. 


and therefore the Water became heavier by the Weight of the Bulk of 
Lg. Net. 


Page 185, & 
ſeq. | 


*L.o N* 1 


Plate 19. 
Fig. 24- 


Plate 19. 


Fig. 25. 


Ne. 


L. q. Ne 1. 


up the Counte 


Weight. 


its Gravity Above chat of the Air: for with the felt of its Weight it will 
ſtill make up Part of the men of the Air . : 


11445 4 


Pxyeninewt 8. Plate 21. Fig. N 
Havixe with a Weight in the Scale C of the Balance A B eben 
ee the long Glaſs of Water EI, with a Horſe- hair, I let down the 
eaden Weight W into the Water, which from E G arofe up to EH; 


Water equal to the Lead“. Having with another Weight in C made 
iſe to the whole, with fine Sciflars I cut the Thread of 
the Plummet; and all the while the Plummet was falling, the Water 
deſcended rathes than roſe ; and when the Lead was at the Bottom, the 
Water overpoiſed, becauſe ithall then added to it all the Exceſs of Weight 
of the Lead above an equal Bulk of Water, which by Experimentis about 
22 of its Weight“. Had Meſſieurs Reaumar and Ramaz2tnt tried the 
Experiment thus, che Succeſs had been the fame; but Monſ. Rama vnn 
(as I underſtood froma Gentleman who was preſent) tried it i in the fol- 
lowing ahact,” ay I have fince done. 
ExPERIMENT 9. Fig. 24. 

MAK1NG uſe of the above-mention'd Machine, after I had balanced 
the Water and Lead in it, I fixed to the End of the Beam B the Thread 
of the Plummet, which in the former Experiment I held in my Hand. 
This added to the Weight hanging at B, and oblig'd me to put into the 
other Scale a Weight equal to +* of the Lead, to recover the Æquili- 
brium. Then cutting the Thread or Hair, the Scale with the Weights 
overpois'd whilſt the Lead was falling ; but the Aquilibrium was reſtored 
when it came tothe Bottom. So that the Lead even then muſt have loſt 
only its Exceß of Weight above Water. 


EXPERIMENT 10. Fg. 25. 

ITRIrp the way propoſed by Monf. Leibnitz in the following man- 
ner. I took a Cork C weighing an Ounce, and fomething more than 
four times lighter than an equal Bulk of Water, and a Ball of Antimony 
W about four times ſpecifically heavier than Water, and of four. Ounces 
The Cork laid upon the Water in the Veſſel E A BD, raiſed 
the Water from SS to G G, and added an Ounce to the Weight of the 
whole Water“. Then ſuſpending the Ball of Antimony by a String, 
and letting it hang in the Water at N, it raiſed the Water from GG to 
H H, and fo added another Ounce to the Weight of the Water“. Then 
tying the Antimony to the Cork, (fee the Fig igure of the Veſſel 

Wit 
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with little Letters) the Corle had added to it chree Quarters of the Weight Lect. X. 
of the Antimony; Which the Hand before had ſuſtained; and made it — 
ſink ſo as to be 2 covered, - and raiſed the Water to i I, adding three xj 2 4 
Ounces to its Weight . Hanging this Veſſel of Water upon the Balance, . 9% Ne. 
and a Counterpoiſe dt the othet End, upon cutting the String the Veſſel 
of Water was rais d up, and the Æquilibrium was not reſtored till the 
Antimony came to the Bottom. | 
v obſerving that as the Cork, being freed from the Weight of the 
Antimony, aroſe, and that during the' Fall of the Body, the Water 
ſunk to h b, it appears that this is, in effect, the fame Experiment as the 
former; and concludes no more. As to the real Cauſe of the Variation 
of the Barometer; namehy, the Accumulation of Air by Winds over the 
Place where the Barometer riſes; and Part of the Air beig blow away 
where the Mercury in the Barometer ſiuks, ſee Dr. Halley's Account of 
it in the Phil. Tranſattions, Numb. 181. and the Account of it here, 
Page 278, & h. N 1,4 n 

1 Po PosTSCRIPT. 


In making the firſt Experiment before the Royal Society, of a Piece 
of Lead ſuſpended by a Thread, whilſt it was wholly covered with Wa- 
ter in the large Tube in which it hung, (whoſe Length was four Feet) 
it was obſervable, not only that the End of the Balance (to which the 
Tube of Water with the Lead in it was fixed) did not rife when the 
Thread wag cat, (to let the Lead fall from the Topto the Bottom'of the 
Tube) as it muſt have done according to Mr. Lerbmtz's Principle ; but 
that the ſame End of the Balance began to deſcend: from the Time that 
the Lead began to fall, Therefore, to be ſure that it was not the Plum- 
met's rubbing againſt the Sides of the Tube in its Fall, which cauſed that 
Phznomenon, I'hung to the Balance a long Glaſs of three Inches Dia- 
meter inſtead of the Tube, and making the Experiment as before, it ſuc- 
ceeded in the fame manner; the End of the Balance which carried the 
Veſſel of Water, funk as ſoon as the Thread of the Plummet was cut; 
tho' this Glaſs was not above half ſo long as the Tube. 

Wren by holding the String I drew the Lead upwards and down- 
wards in the Water, there was no ſenſible Alteration of the Æquilibrium. 
Neither was it altered by cutting the String of a Stone Plummet, becauſe 
of the Shortneſs of the. Glaſs, and the little Exceſs of ſpecifick Gravity in 
the Stone: for the greater the Difference is betwixt the Body made ufe of 
in this Experiment and Water, as well as the bigger the Body itfelf is, 
the better the Experiment will fucceed. | 
Hx xc it appears, that when a Body ſpecifically heavier than a Fluid, 
is, by what Cauſe ſoeyer, detained in any Place of the faid Fluid, it adds 

| as 


— — _ 4 — 
_ > Ls F 5 P 2 
„ r 
— —— — — a - — > 5 _ — 
— _ - — 
- — K * — —— = = ET — 
— bad - — — - 22 — — te — — __ 
P _ ———_ — EE TEA = — — — 8 - ; > —— 2 = 
ddr — b — — bh — — JC - — - — — 3. — — = - — — — > —_ = _—— mw — » 
— — 4 — — — ied LR” 40 —— . — — — — — 4 — - — + _ . ee — - — 
* * 
g 


— — 2 


FEI 25x 
CS — 
LES 


* 


— 
— 


S En BF 25 
EE — Shad — 
© 00 I ů —ů I 


— - 2 _— 
I." Ex — 
b erm ne, way 
— 


— — y 
Sp > > $5.4 ” — 
— 2 — —— — 


— — 


— . 
= 


IE 4 


os 
— — ww 4 


— — 


— — 


A * 


ISS ES 2092" 


— * 
: 4 . — : 


# * 7 8 


— 


286 A. Cbunſe , Experimental "P hiloſaphy.. 
Lect. X. as much to the Weight of the whole Fluid as an equal Bull of che ſamo 
Fluid amounts to“: And when the ſaid Body, by the Action of its Ex- 
Page 185. K ceſs of ſpeciſick Gravity above the Fluid, deſcends with an accelerated 
«4: Motion; ſo long as that Motion is accelerated, the Reſiſtance, ofthe Fluid 
Ach is as the Square of the, Velocity) takes off ſomething of the 
Weight of the Body; but as much as the Body loſes, ſo much the 


21. 9. Ne 1. Water gains *, over and above what was given it by its riſing on account 


of the immerſed Bode. * = 9 4 
A Baady therefore that falls in à Fluid, is ſo far from making the Fluid 
ligbter as it falls, that it makes it preſs more upon the Bottom that ſuſtains 
it, ben it is falling, than, when it was at reſt. inthe Fluid. If the Veſſel 
of Water be long enough for the falling Body to come to an uniform 
Motion before. it reaches the Bottom, the Force impteſs d on the Water 
under the Body will make it p- eſs the Bottom as much as if the Body 
were actually at Bottom; the Body in that Caſe loſing all its Exceſs of 
1. 9. Ne 1. Gravity above that of the Water, and the Water gaining it“. — Hence 
it follows, that a falling Cloud, hen it comes to an uniform Motion, 
will not only add to the Weight of the Air as much as the Weight of 
an equal Bulk of Air; but even as much as its whole Weight amounts 
to, tho it be ſpecifically heavier than the Air about it. 
Al the Diminution of Weight that can be allow d in this Caſe is this. 
If we imagine the Air to have a ſmooth, regular Surface, as we have at 
firſt ſuppoſed, (or if that be not allow id, we may take any imaginary Sur- 
face of it, above the Clouds) when a falling Cloud is diminiſhed in Bulk, 
(as when it is changed into Rain) the Surface of the Air will ſubſide in 
Proportion to that Diminution, and therefore will weigh leſs, by fo 
much as is the Weight of a Quantity of Air equal to the Bulk that Cloud 
has loſt : But when the Drops of Rain after their Acceleration (occaſion d 
by their Exceſs of Gravity above that of the Air) are come to an uniform 
Motion of the Reſiſtance of the Air, they reſtore to the Air the Weight 
that it had loſt, Now this uniform Motion being acquir'd in about two 
Seconds of 'Time, and the Diminution of Gravity in the Air being 1n- 
ſenſible, when compar'd to near three Inches of Mercury, (for ſuch is 
the Variation. of the Barometer with us) can no way be the occaſion of” 
thoſe fo ſenſible Alterations in it, which happen ſome. time before Rain 
or fair Weather. Lat - 

ADD to this, that the whole Quantity of Rain that falls in England 
and France, in the Space of one Year, ſcarce ever equals two Inches of 
Mercury ; and in moſt Places between the Tropicks, the Rain falls at 
certain Seafons in very great Quantities, and yet the Barometer ſhews 

Ann. 9. There very little or no Alteration *. 
He 32. 
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32. Tux Experiments that have been made to meaſure the Height Lect. Xx. 
of Hills with the Barometer, are much leſs to be depended upon than we. 
one would imagine; for ſome Philoſophers uſed to fill the Tube, and in- 

vert it into its Baſon at the Bottom of the Hill, to ſee how high the Mer- 

cury ſtood there: then they emptied the Tube, to carry the Inſtrument 

to the Height where they made the next Experiment, where they fill'd 

the Tube a- new, and obſerv'd the Height of the Mercury in the Tube: 

But, let them take what Care they could, they could not purge the Tube 

and Mercury of Air, as it ought to be, which would make the Mercury 

ſand lower than it ought to do: and therefore the Conſequences drawn 

from ſuch Experiments muſt be wrong, eſpecially when we confider 

how difficult it is to filla Barometer well, as we have ſhewn;- It is only 

ſince the portable Barometer has been invented, that Experiments to mea- 

ſure Heights may be relied on; and: ſince they muſt be made with ſuch 

a Barometer, it was not improper to give its Deſcription here, and to- 

ſhew how it ought to be made, in order to be perfect in its kind. 


A Deſcription of the portable Barometer. Plate 21. Fig. 19- 
oLKpis a wooden Box open at Bottom at o p, that when it is in- Plate 21; 
verted it may flide on, and be fix'd to the lower Part of the Frame of Fig. 1 9+ 
the whole Machine, whoſe Bottom op H is only repreſented in this Fi- 
gure, where we have put the Letters out of the Scheme to avoid Confu- 
tion, with Lines conducted to them from the Parts they refer to. A 
and B point to the Cavity of the Box, which is conick at Top, but cylin- 
drick in the middle Part. Below that eylindrick Cavity there is another 
cylindrick Cavity ſo much wider than the firſt, that the Ring N (whoſe 
inner Cavity is Juſt equal to the Cylinder B) may juſt fit into it ſo as to 
preſs againſt its Sides a Piece of ſoft Sheep's Leather, which makesa Dia- 
phragm at C, where it can riſe and fall convex, or concave, whilſt" its 
outward Part is glew'd to the End of the Ring above-mentioned, and' 
taſten'd to the Box by that means. Now before this Diaphragm be glued 
in, the Box muſt be turned up, and the Tube K 1 hermetically ſeat'd at 
I muſt be put thro” the Hole K, till its open End is about the Mddle of 
the Box, and then it maſt be cemented very tight from the coniok Part 
to K. When the Cement is dry, and the Peg of Wood L going from 
the external to the internal Part of the Box, is twiſted in faſt; the Tube 
muſt be well clean'd, and the Mercury pour' d into it after Profeſſor 
Muſchenbroek's manner, till it is quite full; Then the whole Box and 
Cylinder is to be fill'd with Mercury up to the Place where the cylindrick 
Cavity is wider, but no higher. Next is to be put on the Leathern Dia- 
phragm. 
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Lect. X. 


Plate 21. 


the free Motion of the Mercury). 


; * 
* ” 
-— * ; o * . 
19 1 . | 
Coaurſe o «Exper : 
* * 2 2 — - 


phragm, which is to be paſted, glued, or gumm'd for about half an Inch 
round its Edge, ſo as to ſtick to the Box as well as to the Ring N'aboye. 
Pri mentioned, thruſt on after it at E. This being done, join the Bottom 


of. the Frame of the Machine to the Box, by turning it upſide down, 
and ſliding it into the Mouth of the Box, having firſt prepar'd it in the 
following manner: To a. Braſs Button H is faſten'd a thick Braſs Wire, 
having a triple Male Screw towards its Top, with a Plate of about an 
Inch in Diameter and n of an Inch in Thickneſs, riveted to its Top in 
order to preſs occaſionally againſt the Leathern Diaphragm, and, from 
its being concave, or convex downwards, to lift it with all the Mercury 
upon it, and make it convex upwards. A Braſs Plate G faſten'd to the 
Wood has a Female Screw in it to guide the Wire in its riſing to puſh 
up its Plate. The whole Machine then is to be made faſt together, and 
to the reſt of the Frame, and ſet upright. Then the Mercury will fall to 
M the true Height of the Mercury in the Barometer (ſuppoſing the Plate 
M ſo fix d, that from the Bottom of it to the Surface of the Mercuty in 
the Box the Diſtance be 28 Inches, and the Diameter of the Box be ſo 
much larger than that of the Tube, that a Fall of 3 Inches in the Tube 
will not ſenſibly raife the Mercury in the Box, and the Bore of the Tube 
itſelf muſt be fo large, that the Attraction of Coheſion does not hinder 
Iu this Caſe the external Air preſſin 
upwards puſhes againſt the Leather and Quickſilver in the Bog whül 
the ſhort Columns of Air preſſing by their Spring on the Surface of the 
ſtagnant. Mercury, and the Column of Mercury in the Tube, make a 
Counterbalance to this Preſſure, and vary with it. When you would 
carry this Barometer from Place to Place, to make Experiments at diffe- 
rent Heights and Diſtances; you, muſt turn the Button H, by it to ſcrew 
the Plate F, which will drive up the Mercury ſo as to fill up not 
only the Tube quite to the Top, but alſo the Cavity A and the whole 
Box, which was empty before. Then the Mercury being as one ſolid 
Cone, having no Jerks againſtthe Top of the Glaſs; the Barometer is very 
ſafely carried. Then turning back the Screw, the Leathern Diaphragm is 
let down and the Mercury with it, fo that it falls to its true Height in 
the Tube; . becauſe the Air will paſs freely thro” the Wood of the Box, 
moſt Wood being pervious to Air; but ſometimes when Wood is var- 
niſh'd, it checks the Air a little in its Paſſage, and I have ſeen; a Deficiency 
of a Toth or of an Inch in the Height of the Mercury: therefore to 
prevent any ſuch Accident, it is expedient to have a Peg of Wood to go 
thro' the Box at L, whereby you open a Way into the Box when you 
ſet up the Barometer by Way of Experiment, where it is eaſy to ſet it per- 
| ; pendicular ; 
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peadicplars becauſy then the Mercury will he loweſt. Thegoth Figure Lect. X. 


repreſents the portable Barometer, with a. Thermometer join d to it. 


Tur Thermometer is an Iaſtrument contriv'd for meaſuring the 
Degrees of Heat in Bodies, eſpecially the Heat or Cold-of. the Weather ; 
for which Reaſon it was called the Weather-Glak,, before the Barometer 
was invented, and the Weight of the Air, was known. Its Inventign js 
attributed to ſeveral Perſons by different Authors, via. Sanctor ia, Gali ko, 
Father Paul, and Drebbel,; but at firſt it was very imperfect, being made 
of Air, whoſe Property of expanding by Heat and condenſing by Cold was 


known, tho' its Weight and Preſſure {which cauſed their, Obſervations to 


* 
% 


be falſe) they were ignorant of. 
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TAkx a Glaſs Tube about two Feet long open at one End 4, having Plate 


at its other End a Ball as Bz then having warm'd the Ball B, ſomething 
more than the Heat. of a warm Summer Sun, plunge the open End d of 
the Tube into ſome coloured Liquor (Spirit of Wine ting d with Cochi- 
neal is good, becauſe it won't eaſily freege) in a Veſſel Cg, and the Li- 
quot will riſe up · into the Tube to a certain eight for Example, to 8 8. 
This is the old Weather-Glaſs or Air-Thermomster. As the Air in the 
Ball will condenſe ſelf, and take up leſs Room, when the! Weather 
grows colder, the Liquor in the Tube will nf up tqwards W W, in pro- 
portion to the diminiſh'd Space of che Air. If the Weather grows hotter, 
the Air will expand itfelf and puſh down the Liquor towards: d. This 
riſing and falling of the Liquor was the means Mherehy People judged 
of the Alterations of the Weather, ſuppoſing it to be colder in proportion 
to the riſing of the Liquor in the Tube, and hotter in proportion to its 


Fall. Sometimes the Tube was tecurv'd and without a Ciſtern of Li- 


quor, which was contain d in the Bottom of the Ball and Part of the 

Tube; and in this caſe the Riſe of the Liquor oOuldiſhew hot Weather, 

and its Fall, cold. But when, the Preſſute of the Atmoſphere, and the 

Variation of that Preſſure, came to be known, it appear d that this Ther- 
mometer being affected by this various Preſſure could not truly ſhew the 
Degrees of Heat and Cold. In Winter, for Example, the Liquor would 
riſe and ſink too much, and in Summer too little, as we will here ſhew. 
Suppoſe the Liquor at WW, and that there comes a Froſt, the Air will 
be condens d fo as to retire from W W to 29:30; now as the Air is hea- 
vier in froſty Weather, its Preſſute on the Liquor in the Veſſel Cc will 
be inereas d. ſo as to raiſe the Liquor a little higher in the Tube, and 
thereby make the Air tecede to A where the. Liquor will go, and there- 
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Plate 23. 
Fig. 1, & 2. 


Plate 22. 
Hg. 3. 


Led. X. 


Fig. 1. and Fig. 2. have 
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by ſhew a Degree of Cold greater than it really is. On the other hand 
if the Weather grows warm; as it does in rainy Weather in Winter, the 
Liquor being ſuppos d to ſtand at ww; the Air of the Ball, by its Ex- 
panſion, will puſh, it down to W'W; but as the Weight of the Atmo- 
ſphere is leſs in foul Weather, the Liquor in the Veſſel Cc will be le 
preſs d than it was, and not puſh up the Liquor in the Tube fo ſtrongyß, 
which Eiquor deſcending or that account will fall to a, allowing the 
Air to expand itſelf fo far, and ſhew a greater Degree of Warmth than 
that of the ambient Air. The Reverſe of this will happen in Summer, 
For if you ſuppoſe the Liquor to ſtand at 8 8, when the Weather grows 
hot, the Ait will expand itſelf, for Example, to ss, to which Place it 
will puſh the Liquor in the Tube; but as warm Weather in Summer is 
fair Weather, the Atmoſphere is then heavier than uſual, and by its 
greater Preſſure on the ſtagnant Diquor, it will raiſe the Liquor in the 
Tube up to E, by this accidental Preflure changing the Expanſion of the 
Air, and thewing the Increaſe of Heat to be leſs than it really is. As in 
Summer the Weather grows cold in rainy Weather; let us ſuppoſe at that 
time the Air to be condens d by Cold, and retiring to allow the Liquor to 
rife from g to 8 8: the Weight of the Atmoſphere, now that it is rainy - 
(or foul Weather) will be diminiſhed; and conſequently not puſh up ie 
Liquor ſo high in the Tube as it did before; fo that it will only $0 up to- 
D, to which Place the Air leſs compreſs'd will expand, and ſhew the 
Cold to be leſe than it — * For this Reaſon the Thermometers of 
en diſuſed. ieee ec oe 
T ax Gentlemen of the Academia del Cimento, by the Encouragement 
and under the Protection of Ferdinand the Second, Great Duke of Tuſtany, 
were the firſt Improvers of the Thermometer. They did no longer make 
uſe of Air; but made their Thirmometers with Spirit of Wine inclosd 
in Glaſs Tubes, and thoſe hermetically ſeal'd. So that they could ſuffer 
nothing by the Evaporation of Liquor, or the various Gravity of the in- 
cumbent Atmoſphere. And Thermometers made in this way were firſt 
introduc'd into England by Mr. Boyle, and came immediately to be of 
univerſal Uſe among the YVirtw/ in all the ſeveral Countries, wheres 
ever polite Learning and Philoſophy were cultivated. See Plate 28. 
Fig. 3. But there were not ſo much Uſe made of thoſe Inſtruments as 
they were capable of. We have Plenty of Obſervations made with parti- 
cular Thermometers at different Times and Places. But then theſe were 
not conſtructed by any fix'd Seale or Standard: Even the Florentine 
Weather-Glaſſes themſelves, whoſe higheſt Term was adjuſted to the 
greateſt 8un- nine Heats of that Country, where too vague and indetef- 
min'd. And in other Places every Workman made them according 125 
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own Way and Fancy; without adjuſting his Numbers to any known, or Lect. x. 
determin'd Degrees of Heat. And fo they could not be compar'd one 
with another; nor could the Obſervations made by different Perſons, 

and in different Parts of the World, be collated with any Degree of 
Certainty or Juſtneſs. By which means, notwithſtanding all the very 
numerous Regiſters of the Weather, that have been kept and publiſh d 

by different Authors, we are ſtill at a loſs to determine the comparative 
Differences of Heat and Cold in different Countries and Climates, and the 

Reſult of many other Obſervatioss s. 

Hap all the Weather-Glaſſes in the World been made after one de- 
termin d Scale, theſe Inconveniencies and Uncertainties would have been 
prevented; which are now unavoidable, and muſt ſtill continue ſo, until 

every body agrees to graduate their Thermometers in the ſame Way, or 

at leaſt determine ſome fix'd and unalterable Points of Heat, to which all 

the different Scales of thoſe Inſtruments. may be reduc'd. | 


Tus Way of making the Spirit-of- Wine Thermometer (Fig. 3.) is as — 22. 
follows. Take à ſmall Tube A B, as truly cylindrick as you can get one, 
wkich you may try thus: Having put into one End of the Tube as much 
Mercury as ill fill the Length of one Inch, make that Quantity of 
Mercury go fromone Part of the Tube to another, till it has run the whole 
Length of the Tube, meaſuring with. your Compaſſes whether it main- 
tains its Length of an Inch in every Part of the Tube (for it will be longer 
where the Tubs is ſmaller, and ſhorter than an Inch where the Tube is 
larger ;) and if it does, you may be ſure it is cylindrick, and a Scale of equal 
Diviſions will agree with it; (other wiſe the Diviſions muſt be ſuited to 
the Contents of the Bore) then join a Glaſs Ball to the Tube, and make 
a ſmall Cavity as A at the other End. Fill your Thermometer with 
Spirits to the due Height, which you may do by inverting your Tube 
intoa Veſſel of ſtagnant colour d Spirit under a Receiver of the Air-Pump, 
or many other Ways ; and let us 564-5 the Spirit to ſtand, for Example, 
at MM. With a Lamp heat the little Bubble A red-hot, and ſeal it 
hermetically, and it will leave in the Thermometer only the third Part 
of the Air that was in it, which will be ſufficient to give Room to the Di- 
latation of the Spirit: and ſo much Air is proper to be left in, as I found 
by an Experiment, which was this. From the Top of an Air-Pump 
Receiver I brought down a crooked Braſs- Pipe, to which I cemented the 
Tube of a Thermometer fill'd with Spirit of Wine to its due Height, and 
having pump'd out the Air from the Thermometer as well as the Re- 
ceiver, with the Flame of a Lamp I ſeal'd the Tube of the Thermo- 
meter hermetically about 3 Inches from the Place where it was join'd to 
the Braſs-Pipe. I alſo took another Thermometer fill'd with Spirits to its 
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Left, X. proper Height, and by ide Lamp drew the End of the Tube into a 


capillary Tube about an Inch long. Then putting the Ball of the Ther- 
mometer into warm Water, I rais'd the Spirit quite up into the capillar; 
Tube within half an Inch of the End of it, and hermetically ſeal d the 
capillary Tube with the Lamp. Then letting the Liquor fall away from 
the capillary Tube to its proper Diſtance, I mended the ſealing of the 
Tube by melting away the capillary Tube, I thought then I had two 
Thermometers better than ordinary, becauſe they had no Air in them to 
act againſt the Spirit; but then the Liquor parted in two or three Places, 
and could not be kept together; for the Ait left in the Spirit, even after 
the Air-Pump had been applied, by its Expanſion divided the Spirit. 
So that I found it neceffary to have a little rarefied Air in the Thermo- 
meter at the End oppoſite to the Ball; but indeed ſo rare as not to be- 
come fo denſe as the common Ait, when by che riſing of the Liquor it 
has receded into the little Ball A, Fig. 3. eee eee 
Ir two Thermometers are fill'd with different Spirits, they cannot be 
adjuſted to correſpond by comparing together their Scales; for Example, 
let us call them A and B. If you find that A riſes 4 Diviſions, when B 
riſes but 3; you muſt not expect that when A riſes 8, 12, or 16 Diviſions, 
B ſhall juſt riſe 6, 9, or 12 Diviſions ; becauſe the Spirit will not dilate in 
one, in the ſame proportion that it does in the other; ſo that unleſs you 
made the Liquor go its whole range in each of them, and new mark 
one at every Degree of the other, they will not be brought to. correſpond. 
M. De Reaumur being aware of this, in a very ingenious Way attempted 
to eſtabliſh a general Conſtruction of ſuch Thermometers, which might 
be copied at all Times, and in alt Countries; and ſo to ſettle, as it were, 
a general Correſpondence of Obſervations that ſhould be made by ſuch In- 
ſtruments. He took a large Ball and Tube, and knowing well the Con- 
tents of the Ball as that of the Tube in every Part, he graduated the 
Tube, ſo that the Space from one Diviſion to another might contain a 
thouſandth Part of the Liquor, which Liquor would contain 1000 Parts, 
when it ſtood at the freeaing Point: then putting the Ball of his Thermo- 
meter and Part of the Tube into boiling Water, he obſerv'd whether it 
roſe 80 Diviſions, which, if it exceeded, he chang'd his Liquor, and ad- 
ding Water to it lower'd it fo, that on the next Trial from the freezing 
Point to the Point of boiling Water, it ſhould only riſe 80 Diviſions: But 
if the Liquor being too low fell ſhort of 80 Diviſions, he raiſed it by adding 
rectified Spirit to it. The Liquor us prepared fitted his Purpoſe, and 
would ſerve for making a Thermometer of any Size, whole Scale would 
agree with his Standard.” Such Liquor or Spirits being of about, the 
Strength of Brandy may be eaſily had any where, or be made a 2 
gr 
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Degree of Denſity by raiſing or lowering it. The ingenious Abbe Nor, Left. X. 
who is a very curious Operatro, and now gives Courſes of Experimental 
Philoſophy in Paris with great Succeſs, has made a great many Thermo- 
meters upon M. De Reaumur's Principle, and {till makes to fupply thoſe 
that would make uniform Obſervations “. * Ann. 1 


13. Tux late Dr. George Martine, whom ſhall have occaſion to quote 
by and by, find ſome Faults with this Thermometer; one of which is, that 
the Ball or Bulb of the Thermometer being large, is not heated or cool'd 
ſoon enough to ſhew the quick Variations of the Weather. And indeed 
it is a Fault to be found with all Thermometers that have Balls to hold 
the Liquor; a Cylinder being much better, whatever Liquor is uſed; 
except where great Degrees of Heat are meaſur d, as in Sir Iſaac New- 
tons Linfeed-Oil Thermometer. For tho' moſt Spirit Thermometers 
have the Degree of the Heat of boiling Water mark'd upon them, and 
as one of their Boundaries; yet the Heat of boiling Water is always 
greater than that of boiling Spirits, and therefore they are unfit to mea- 
ſure that Degree of Heat. But Linſeed-Oil is capable of ſuſtaining much 
greater Degrees of Heat; for it will bear a greater Heat than what will 
melt Lead without firing or having the Glaſs Ball of the Thermometer 
melted. Whereas Water is only capable of a cettain Degree of Heat, 


much lower, at which it will evaporate ; but this is only when Water 
boils in open Veſſels f * | | + Ana. 21. 


34. Bur as I mention Sir Jſaac Newton's Thermometer, I think it wil 
not be improper togivean account of the mannerof makingof it, as Imade 
three of them once by Sir /aac's Direction. I took a Tubeof half an Inch 
Bore 3 Feet long, with a Ball of two Inches Diameter at one end of it, 
and to the Tube paſted a Lift of Paper in order to mark a Scale upon it. 
Then with a Meaſure containiffg Z of a cylindrick Inch, I firſt fill'd the 
Ball with Quickſilver, which contain'd 21 of thoſe Meaſures ; then at 
every Meaſure of Mercury ponr'd into the Tube I made a Mark upon 
the Paper to form the Scales, finding thofe Marks commonly about an 
Inch from one another; but a little farther aſunder where the Bore of the 
Tube was narroweſt, and a leſs Diftance than an Inch where the Bore 
was bigger, and for greater Exactneſs ſubdivided all theſe Diviſions of the 
Scale iuto Decimals. Then the Mercury being well taken out of this 
Thermometer, Linſeed-Oit was pour'd into it up to the 1oth or r2th 
Diviſion on the Scale of the Tube, and prepar d in the following manner. 
A Crucible fullof Sandbeing ſet uponthe Fire, and the Ballof the Thermo- 
meter put into the Crucible fo as to be quite cover'd with the Sand, firſt 


upon 
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Lect. X. upon the Increaſe of Heat the Oil got up almoſt to the Top of the Tube, 
aud then it ſputter'd and threw up white Fumes, whereby it parted with 


its Phlegm by Degrees and purified the Oil; but when the white Fumes 
were riſen above the Oil, and not out of the Tube, they would ſometimes. 
ſtick to the Side of the Tube, where they would be condens'd into Water, 
and run down the Tube till they came to the Ball, where by the great 
Heat they would make an Exploſion and be ſhot up to the Top- of the 
Tube. In that Caſe I catch'd theſe white Fumes upon Cotton faſten'd to 
a {mall Stick to carry it down almoſt to the Oil, which by this means. 
ſoon ceas'd to ſputter and fend out Fumes, which ſhew'd that it was 
purg'd of all Moiſture. Thus was the Thermometer prepar'd for Uſe; 
but in making this Operation the lower Part of the Paper. Scale was burnt 
off of the Glaſs as far as the 7th Diviſion. We tried this Thermometer 
upon the following Subſtances, and in the following manner. Beſides a 
Veſlel of Water, we had upon the Fire four Crucibles, with theſe Sub- 
ſtances in them, a Mixture of Lead, Tin, and Tin-glaſs (or Biſmuth) in 
the firſt : in the next, a Mixture of equal Parts of Lead and Tin: in the 
third, Tin: and in the fourth Lead. When we begun, our Linſeed-Oil 
Thermometer ſtoodat its 7th Degree, whilſt the Spirit in one of Patrick's 
Thermometers ſtood at the Mark of Temperate, Then we plung d the 
Ball of our Thermometer into the Water on the Fire, where it roſe be- 
yond 9, when the Water juſt began to boil, but got up to 11 when the 
Water boil'd very much; higher than which it did not riſe, tho the Water 
was fo heated as to boil away and evaporate very faſt. Then was the 
Thermometer remov'd into its Crucible of Sand to be made hotter, and 
the Crucible containing the Mixture of Lead, Tin, and Tin-glaſs, was 
taken off the Fire and ſet upon the Ground. We took the Thermometer 
out of its Sand Crucible, and thruſt its Ball into the Mixture and took it 
out again immediately, and this for ſeveral Times till the Mixture in cool- 
ing made a Skin about the Ball of the Thermometer; and this we call'd 
the Degree of Heat capable of melting the Mixture. When this hap- 
pen d, the Oil which was at 20 when we took the Thermometer out of 
the Crucible of Sand, and at 15 when cover'd with the Mixture, was 
come down to 122. Then the Crucible of Lead and Tin mix'd was 
taken off the Fire, and the Thermometer (new warm'd in its Sand to 
ſecure it) was at 24 when put into this Mixture; but fell to 1 5 when it 
begun to ſet, as the Skin it made on the Ball of the Thermometer ſhew'd. 
The Crucible of Tin taken off at firſt rais'd the Oil of the Thermometer 
to 35; but did not begin to ſet till 25, the proper Heat for melting 
Tin. Melted Lead at firſt receiving the Thermometer, rais'd the Oil to 
45 but began to make a Skin on the Ball, when the Oil was fallen to 35. 


Care 
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Care muſt be taken that the Heat of the Thermometer be not a great Lect. X. 
deal greater than that of the Subſtances in which you put it, otherwiſe ww 


it will break, as I proved it with one of theſe Thermometers, which 
broke to pieces, when I took, it out of melted Lead and plunged it into 
boiling Water. With this Caution there is no need of guarding the 
Ball of the Thermometer with Clay, as Sir nac told me he had done: 
He alſo told me, that his moſt general Linſeed-Oil Thermometer, for 


lower Degrees of Heat, began at the freezing Point, and that the Diſtance” 


2tween that and. boiling Water made 34 of his Diviſions. 


35. Or late years Quickſilver has been made uſe of for Thermome-- 
ters, and they are found to be the moſt uſeful of any ; becauſe they 
will bear ſuch Degrees of Heat or Cold as will burſt Spirit Thermome- 
ters, or freeze the Liquor in them. This laſt Inconveniency happen d 
to the French Philoſophers who went to the North Polar Circle to ex- 
amine into the Figure of the Earth; for the Spirit in their Fhermome - 
ters was frozen: but their Mercurial ones were. as uſeful as any where 


elſe. Forenheit of Amſterdam may be look'd upon as the Inventor of 


this Thermometer; and tho' Prins and ſome others, both in England, 
Holland, France, and other Countries, have made this Inſtrument as well 
as Farenbeit; ſince Dr. Boerhagve uſed only that Thermometer, and 
molt Quickſilver Thermometers are graduated according to his Scale, 
we may till call them Farenbeit's Thermometers. 


36. TuxRx are three Sorts of Quickfilver Thermometers. The firſt 


or leaſt Sort, Plate 22. Fig. 4. have the Bulb in the Form of an Olive, Plate 22: 
with a Scale about the Tube or Paper which is faſten'd to the Inſtru- Fig. 4, 5+ 


ment, and the whole ſhut up with Air in a Glaſs Tube hermetically 
ſeal'd. This being very portable is very uſeful, and may be put into the 
Mouth, or applied to any Part of the Human Body; and from below 
the freezing Point ſhews a Degree of Heat beyond the Blood of Animals: 
See Fig. 4. The ſecond Sort, Fig. 5. has its Bulb cylindtick, and reaches 


from o, which is 32 Degrees below the freezing Point, to 112 Degrees; 


which is below boiling Water. I have ſeen of theſe Sort of Thermo- 


meters ſo well made, and fo well purged of Air, that when you invert 


them, the Mercury will run down and ſtrike againſt the ſmall End of 


the Tube, from whence it will return without parting, when you ſet 
the Tube upright again. This is fix d to a metalline Scale, as alſo the 


third Sort, which is carried beyond 212 Degrees the Point of boiling 
Water, going quite to 600 Degrees. See Fig. 6. | 


37. 


Fig. 6. 
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Ie. x. 37. To ſhew how much a cylindrick Bulb in Thermometers ix pres 
| L—r— ferable to a ſpherical one, take two Thermometers, fill d with the fame 
—- Spirit and graduated with the ſame Scale, and plunge them both at the 
3 ſame time in warm Water, and you'll find that the Liquor. in the Ther- 
| mometer with the ſpherical Bulb will at firſt fall, as from MM to H, and 
Plate 22. afterwards riſe up to C, and ſo on; whereas the other Fig. 5. will not 
* ſenſibly fall below D before it riſes. The Cauſe is this; the warm Wa- 

ter expanding the Ball B, the Liquor having more room muſt deſcend, 
| till being heated (which takes up time enough to make it obſery'd) it 
_ riſes; whereas the Liquor in the Cylinder of the other Thermometer heat- 
| ing immediately, hinders us from obſerving its Fall, on account of the 
. ſwelling of the Cylinder C, which muſt certainly happen. ; 


2 2 — — : — — 


38. TuosE that would know more upon this Subject muſt conſult 
the late Dr. George Martine's Efſays, Medical and Philoſophical, printed 
at London for A. Millar 1740. Where he will with great Satisfaction 
read the four laſt Eſſays, which treat of The Conſtruction and Gra- 
duation of Thermometers. Eſſay 3. The Compariſon of different Thermo- 
meters. Eſſay 4. The Heating and Cooling of Bodies. Eſſay 5. And 
| The various Degrees of Heat in Bodies. Eſſay 6. In order to render 
uſeful the ſeveral Regiſters of the Weather, made by Obſervations taken 
| with different Thermometers, I bave taken from his 4th Article the 
Plate 22. Table by which he compared 1 5 different Thermometers, (See Plate 22.) 

Here you will fiad all the Degrees that have been taken of the Heat and 
Cold of the Weather: ſo that the Diviſions do not riſe ſo high as boil- 
ing Water, which was not neceſſary in comparing Regiſters of the Wea- 
ther taken by ſeveral Perſons in ſeveral Countries. For the Particulars 
relating to the-ſeveral Thermometers, which I want Room far here, 1 
refer the Reader to the Eſſays, which ate very learned and curious. 
THe Conſideration of Fire and Heat is very difficult: we know yet 
but very little of their Nrture; and I think that thoſe Philoſophers, who 
aſſert the Being of an elementary Fire, (or that Fire is contain d in all 
Ann. 12. Bodies) aſſume a little too much“. Whoever reads with Attention 
Dr Hale's Vegetable Staticks, will ſoon be of a different Opinion. 


39. Tux late learned and ingenious Dr. BreekTaylor and myſelf made 
ſome Experiments, whereby it appear d to us that aciual Heat was to ſenſible 
Heat, as Motion is to Velocity. That. is, if a certain Quantity of Heat 
which warm'd (for Example) a Quart of Water, which ſhew d a cer- 
tain Degree of Heat on the Thermometer, was applied to warm * 


5 
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the Quantity of Water (for Example) two Quarts, the Thermometer Lett. 8 
put into this laſt Quantity of Water, would ſhew but half the Heat... 


e deduced our Theory from the following 


EXPERIMENTS 12, 13, 14, 1 5, 16. 2 
Wr caus'd two cylindrick Veſſels of Tin holding each ſomething more 


than 6 Pints to be made, and fix d in two Places of a Table 3 Iron 


Spikes to ſet the Veſſels upon, that Heat or Cold might not be communi- 


cated from the Table to the Cylinders, or from them to the Table. 
We got ſix more cylindrick Veſſels made, but with Handles, in order to 


take boiling Water ſuddenly out of a large Kettle: Two of theſe Veſſels 


held each a Pint; the zd, two Pints; the 4th, three Pints; the 5th, four 
Pints ; and the 6th, five Pints. We made two ſmall Linſeed-Oil Ther- 


mometers whoſe Scales exactly agreed. The Liquor in Patrick's Ther- 
mometer ſtanding at Temporate, our Oil Thermometers ſtood at 10 in 
cold Water. Then we made our Experiments in the following manner. 
1*. We dipp'd one of the Pint Veſſels in the boiling Water, and.emp- 


tied it in one of our large Cylinders ſtanding on the Iron Points, and | 


in 5 Seconds the two Thermometers roſe to 16 Degrees. We dipp'd 


in the Kettle at the fame time one Pint Veſſel, and the other Pint 


Veſſel, and pour'd the one into the empty large Cylinder as before ; 


and the other inte the other large Cylinder, in which was a Pint of 


cold Water, with a Thermometer in each Veſſel. In the Cylinder that 
had nothing but warm Water, the Linſeed-Oil roſe to 16 as before; but 
in the other, which ſtood in the equal Mixture of warm and cold 
Water, the Oil roſe only to 13. Then we pour'd a Pint of hot Water 
ſucceſlively to 2, 3, 4, and 5 of cold Water (having cool'd the large 
Tin Veſſel between each Experiment) and the Oil of the Thermometer 


in the Mixture roſe to 12, 11+, 11+, and 11 Degrees. After this we 


pour d 5 Pints of boiling Water to 1. of cold; 4 of boiling to 2 of cold; 


3 of boiling to 3 of cold; 4 of boiling to 2 of cold; and 5 of boiling, 


to 1 of cold: and the Oil in the Thermometer roſe ſucceſſively to 15, 


14, 13, 12, and 11. Having miſlaid the Paper which gives the Par- 
ticulars of this Experiment, I cannot be exact in the ſmall Diviſions or 


FraRions of the Numbers ; but I remember that they were a little under 
what I ſet down; but ſo little under, that we thought the Difference 
of no Conſequence; and fancied they might be attributed to the Heat 
loſt in warming the Tin Veſſel. | 

Bur what I depend upon moſt in this Theory, is the following 
Experiment made before the Royal Society. In a Kettle of warm Water, 
Thad half a Pint of Water in an open Phial, and half a Pint of Mer- 

Vo I. II. Q q | e 


| 


| 
4$) 
1 
ö 
5 
* 
1 
i 


| 


|. 
| 


\ 


LeR. » 


Plate 22. 
Fig. 7. 


A Courſe of Experimental Philoſophy... 


cury in another Phial, and I let them remain half an Hour whilſt the 
Water boil'd. Then having pour'd into a Baſon half a Pint of cold Wa. 
ter, and into another Baſon 134 Pints of cold Water; I pour'd at the 


ſame time the Water from the Phial into the Baſon which had the half 


Pint of cold Water, and the Mercury into the Baſon which had the 1 3s 
Pints, and in half a Minute's time the unequal Quantities of Water in 
the Baſons were equally warm'd, as appear'd by two equally graduated 
Thermometers. | 8 

THERE are indeed ſome Experiments made by Dr. Martine, from 


which different Concluſions ſeem to be drawn than what Dr. 7. aylor and 


I drew; but upon due Conſideration, it will only confine our Theory to 
a Fluid of the ſame kind: that is, the ſame Quantity of Heat which 
warms a Pint of Water will be twice more ſenſible, than when it is ap- 
plied to warm two Pints of Water: and tho it is cetainly true, that 
Mercury once warm'd will communicate Heat to 13 times more Water 
than the ſame Bulk of Water affected by the like ſenſible Heat can do; 


yet perhaps the Mercury may receive Heat in lefs time, than 1 72 


times the- Bulk of Water; but I am ignorant of that, not having made 
the Experiment. | * 


40. HYGROMET ERS, or NoTIOMETERS, are Inſtruments contriv'd 
to ſhew the State of the Air as to Moiſture or Dryneſs. There are a 
great many Subſtances fit to make Hydrometers; but none that we know 
of to make them laſting ; that is, to keep the ſame Exactneſs for any 
conſiderable time, as a Year, for Example. I ſhall mention a few Ways 
of making that Inſtrument. 19. Take a fine Scale Beam, as A B, Fig. 
7. Plate 22. on whoſe End A hang a Parcel of Spunges $ kept in ægui- 
librio, by a Weight, as P; hanging from the End B in any certain State 
of the Air: Now when the Moiſture of the Air increaſes, the Spunges 
imbibing ſome of that Moiſture over-weigh, and fink down, while their 
Counterpoiſe P riſes ; but if the Air become drier than it was when the 
Aquilibrium was firſt made, ſome of the Moiſture evaporates from the 
Spunges, which then riſe when the Counterpoiſe deſcends, as the Figure 
ſhews ; but to make the Degrees of Moiſture and Dryneſs the more ſen- 
ſible, there muſt be an Arc of a Circle E D fix'd to F, the Point where 
the Balance is ſuſpended, having the Center of Motion of the Balance for 
its Center. The Beam AB muſt have a long Examen, or Cock, C8, 
which ſerves for an Index to point the Degrees mark'd on the aforeſaid 
Arc, to ſhew the leaſt Alteration of the Æguilibrium, or Variation of 
AB from an horizontal Poſition. 20. A ſecond Sort of Hygrometer is 
eaſily made thus: to the Bottom of a twiſted hempen String RIPE 
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happens in wet Weather, the Index will point to the different Degrees of Pig. 8. 
a Circle ſet under it, as AB. There may be a Wite perpendicularly 
hanging from the under Side of the Middle of W, going thro' an Hole in 

the Center of the Circle, to keep the Index ſteady in its Motion. N. B. 

Theſe Dutch Toys call d Weather-Houſes, where a ſmall Image of a Man, 

and one of a Woman, are fix d upon the Ends of an Index, are built upon 

this Principle, For the Index being ſuſtained by a String, or twiſted 
Cat-gut, turns backwards and forwards, bringing out the' Man in wet 
Weather and the Woman in dry. z'. But as a String not only twilts, 

but grows ſhorter in wet Weather, the Hygrometer will be more ſenſible, 

by making uſe of a long String carried up and down from its Point of 
Suſpenſion over four or five Pullies, and a Weight terminated by a broad 

Plate at Bottom, ſerving for an Index, and marking the Degrees on the 

Scale by riſing and falling. See Fig. g. where H is the Cieling Hook, Plate ez. 
P, p, p, p, the Pulleys, and I the graduated Scale and Index. 4*. The *'s: 9: 
Beard of a wild Oat, twiſting in dry, and untwiſting in wet Weather, 

will make aſenſible Hydrometer many Ways. Here follows one. ABCD, 

Fig 10. is a ſquare Braſs Plate about four Inches ſquare, with a Ring 

or Circle fix d to it, graduated on the Flat, and the inner Edge. Fig. 10. Plate 22. 
IC 1s a very light Index of Braſs or Steel, having a ſmall cylindrick Lump Fig. 10. 
in its Center, into which is faſten'd the Top of the Beard of a wiid Oat 

by a little Peg, and the other End of it in another Lump about an Inch 

under the Plate, which having a little Hole under C, allows the Beard 

of the Oat to come thro” to carry the Hand, and yet keeps it in its Place, 
without hindering its twiſting and untwiſting. There are two Wires 
coming down under the Middle of the Plate, which hold a little croſs 

Bar, making a ſmall Frame to carry the Lump that holds the Bottom of 

the Beard expos'd to the Air. The four Feet of this Inſtrument, two 

of which are ſeen at CD, muſt be about one Inch and a Quarter long, 

to keep the Frame under the Plate from touching anything that the In- 
ſtrument is ſet upon. In Fig. 11. AB repreſents the Plate, Fand F two Plate 22. 
of its Feet, C and D the little Lumps to which the wild Oat-Beard CD Fis . 
is faſten d: y and g h the hanging down Wires ſupporting the Piece , 

all together making an open Frame to hold the Lump D. i is the Hole in 

the Plate for the Beard to paſsthro', as it carries the Index Ii, which points 

to the Degrees on the graduated Circle AB. 5e. The laſt I ſhall men- Plate 22. 
tion here is an Hygrometer contriv'd by Dr. Hales and myſelf. See Fig. * 
12. Pep is a Piece of Lignum Vitæ cylindrick at C P, but a trun- 

cated Cone from C top, and ſcrew'd like the Fuzee of a Watch, but 
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cylindrick Part an Inch in Diameter, and half an Inch long. The la 


Part of the Screw about 4 of an Inch, and the ſmall Part half an Inch. 


There ark fine Steel Pivots at each End, bearing on two fine conic Holes 
in Braſſes in the Frame that carries the Inſtrument, that it may turn ea- 
ſily. A'Spunge 8 hangs by a Silk from the Cylinder of the Inſtrument, 
fo as to turn the Inſtrument by its riſing or falling. A Weight W ha 


ing from another Silk z coil'd upon the Screw Cp, keeps the Spunge in 


æquilibrio. Now when the Spunge becomes heavier by imbibing Moji- 
ſture from the Air, it runs down, and draws up W; but as W comes 


up, its String muſt advance towards C, where hanging farther from its 


Center, its Power will be ſo increas d, that it will keep the Spunge in 


&gquilibrio, tho its Weight be increas'd : but as the Weight rifes it will 


ſhew on the Scale D D how much the Spunge is heavier, and conſe- 
quently the Air moiſter. | 


VN. B. Tuis Inſtrument is made very ſenſible, when a its Pivots are 


ſupported by four Friction Wheels, ſach as are repreſented in the Frie- 
tion Machine of Vol. I. Plate 18. Fig. 8. 4 


41. InsTzAD of the Spunges uſed in this, and the firſt-mention'd 
Hygrometer, one may put Salt of Tartar, or any other Salts, or Pot-Af 
in a Scale of a Balance, which will alſo become heavier by attracting the 


Humidity from the Air, and the lighter by its Evaporation. As likewiſe 


Salts may be made uſe of in the Hygrometer of Ne. Inſtead of the 


long String which goes over the Pullies of N* 3. one may make uſe of 
Parchment in a long narrow Liſt, and it will lengthen by Moiſture and 


ſhorten by Dryneſs, whereas twiſted Subſtances ſhorten by Moiſture, 
while animal Subſtances lengthen by it. Therefore one may ſo combine 
an animal Subſtance with a twiſted one; that is, one may-make a Twiſt 
of an animal Subſtance, in ſuch a manner, that Moiſture or Dryneſs 
will have no effect in lengthening or ſhortening itz thus the Wheel-bands 
or Strings of ſome Lathes that would lengthen as they are animal Sub- 
ſtance, (Cat-gut, for Example) ſhorten, as they are twiſted, in moiſt 
eather. A notable Inſtance of this laſt Effect of Weather was ſeen in 
the Machinery of an Architect, of whom the following Story is told. An 
Archite& at Rome having fix'd a very high Pedeftal, wanted to raiſe up 
its Obeliſk, which was very heavy, to ſet upon it; but when he had 
fix'd his Machines, and hung on his Weight, and drawn it up as far as 
he could, his Ropes ſtretchd ſo much, that the Obelifk could not be 
brought up to its neceſſary Height, which made the Architect fret and 
rage, till ſomebody, who had a more philoſophical Head than he, oo 
. im 
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him wet the Ropes ; which being done, the Ropes immediately con- Lect. X. 
tracted, and raiſing the Weight up above its due Place, it was ſoon Jet = 
down and et right. As there is ſcarce any Body that will not change 
iis Dimenſions by Moiſture or Dryneſs, it would be endleſs to recount 
what Hygrometers might be made of; but it may be uſeful to mention 
what the Moiſture or Dryneſs of the Weather can have no Influence on, 
and that is the ſtrait Grain of Wood: for tho' every Door and Window 
in moiſt Weather-ſhews us how much Wood ſwells croſs the Grain, yet 
we can never find it ſtretch End-wiſe, by Heat or Cold, Moiſture or 
Dryneſs. This is the Reaſon why that excellent Mechanick the Earl of 
Jay makes the Rods of the Pendulums of his Clocks of Wood: an 
Mr. James King, the Carpenter for We/tminſter Bridge, combines the 
Pieces that make the Centers for his Arches fo, that the Weather that 
may ſwell each Piece a- croſs ſhall not lengthen thoſe on which the Form 
and Bearing of his Arches depend. 

THosst that would know more of theſe Hygrometers, calt'd alſo Hy- 
groſcopes, may conſult the firſt Plate of the ſecond Volume of Lowtborp's 
Abridgment of the Philoſophical Tranſactions, with the Deſcriptions 
annex'd by the Authors that communicated them. 

Tur Hydrometers are not to be uſed as Weather-Glaſſes to foretell 
Moiſture and Drynefs in the Air before it comes: they only ſhew the 
preſent State of the Air. Neither will the ſame Hydrometer ſerve for 
Years, like a Barometer and a Thermometer; but will be ſo alter'd as to 
be almoſt uſeleſs, whatever Subſtance it is made of, as Profeſſor Muſ- 
chenbroc has well obferv'd in the 699th and 7ooth Pages of the ſecond 
Volume of his Eſſays de Phyſique, tranſlated into French by Dr. P. Maſ- 
ſuet, printed at Leyden 1737. 1 

NeTwiTHSTANDING this, there are many Caſes wherein the Hy- 
drometers are of great uſe; as, for Example, when we would ſee what 
Rarefaction the Air will undergo by great Degrees of Heat, we ſhould 
know what Degree of Moiſture it contains; otherwiſe we fhall attribute 
to the Air what is really Rarefaction of Vapour. Thus ſome have 
thought that the Heat of boiling Water rarefied the Air ten times, ſome 
eight times, ſome three times, and ſome twice; when truly it rare- 
hes it is but: but the Experiment muſt be made ina dry Summer, when 
there is no Moiſture at all in the Air. And reciprocally, when we find 
that the Heat of boiling Water rarefies Air but , and the Heat of a red 
hot Retort but three times, we may be ſure there is no Moiſture in the 
Air; and mark our Hygrometer with the Point of very dry. 
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Lect. IX. 42. THERE are ſeveral Inſtruments which have been rejected on ac- 
count of Defects found in them, which again came into Uſe ; becauſe 


Mate 23, 
Fig. 1 


when thoſe Defects depend upon regular Cauſes, they may be applied to 
ſerve Purpoſes not thought of before. We have a remarkable Inſtance 
of it in the Air-Thermometer, which being join'd with the Spirit-Ther- 
mometer, ſerves to make an Inſtrument that has all the Properties of the 
Barometer, and really becomes neceſſary, becauſe it may be uſed when 
the Mercurial Barometer can't. In ſpeaking of the Air-Thermometer, 
we have obſerv'd that the Weight of the Atmoſphere (not known to 


: thoſe that firſt uſed this Thermometer) interfer'd in this Inſtrument, and 


by its increas'd or diminiſh'd Preſſure rais'd or ſunk the Liquor of it, ſo as 
to make it not truly ſhew the Degrees of Heat and Cold. Now to take 


off this diſturbing Action of the Atmoſphere, the Spirit-Thermometer 


was contriv'd, ſeal'd hermetically to keep out the Preſſure of the external 


Air, whilſt its ditating Liquor ſhew'd only the Degrees of Heat and Cold. 


So that if the Preſſure of the Atmoſphere could by any means be hin- 
der'd from acting upon the Air-Thermometer, it would be no way in- 
ferior to the Spirit- Thermometer: or which is the ſame, if one could 
find a means to diſtinguiſh in the Motion of the Liquor of the Air-Ther- 
mometer, what Part of it is owing to Heat and Cold, and what Part of 
It is owing to the various Preſſure of the Atmoſphere. Now a Means is 
found to do this by joining together two Thermometers, an Air-Ther- 
mometer and a Spirit- Thermometer, whoſe Difference will exactly ſhew 
the Preſſure of the Air, and becomes a Barometer. 


Plate 23. Fig. 1. 

In the Frame E AC are fix'd two Thermometers, an Air-Thermo- 
meter A B, and a Spirit-Thermometer CD. The Ball B, and the Tube 
from B to is full of Air of the ſame Tenor as the outward Air: the End 
of the Tube goes into a little Bottle A almoſt full of Liquor, whieh 
communicates with the outward Air, by the Spout a, which may be 
ſhut up occaſionally by a ſmall Peg. The Spiri: Thermometer is herme- 
tically ſeal'd, and fill'd with Spirits from C to T, where temperate is 
written upon the Scale of the Spirit-Thermometer, whoſe upper Ball 
being made red-hot before it was ſeal'd, the Air in the Ball and Tube 
from D to T is three times rarer than common Air, and therefore will 
eaſily allow the Liquor to riſe up againſt it, which it will do as the Wea- 
ther grows hotter ; when at the ſame time the ſame Degree of Heat af- 
fecting the Air in the Ball, makes the Liquor fall as many Degrees in the 


Air- Thermometer. This would always rife juſt as much as the yr 
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fell, if there was no Alteration in the Weight of the Air. But if there Lect. X. 
was no Alteration in the Heat of the Weather, but in the Weight of tg 
Atmoſphere, it being become heavier ; the Liquor in the Spirit-Thermo- 
meter would remain at T, whilſt that in the Air-Thermometer would 
riſe, for Example to r, being in that caſe only a Barometer, and the Space 
of the Liquor from 1 to 4, that is the Degrees of the Riſe of the Liquor 
more in this Thermometer than in the other (tho' the contrary Wa 
to its Range) would-be proportionable to the increas'd Weight of the 
Air. How to adjuſt theſe Degrees to the Scale of the Quickſilver Baro- 
meter ſo as to repreſent it, will be ſhewn by giving you from Dr. Halley 
the Deſcription of the Marine Barometer ſuch as Dr. Hoke made for 
him, and he carried with him in his South-Sea Voyage. 


43. An Account of Dr. Hooke's Marine Barometer, by Dr. E. Halley, Plate 2% 
N» 269. p. 791. Plate 23. Fig. 2. Ss 

DR. Hooke, who has made many Attempts to improve the Barometer, 
and to render the minute Diviſions on the Scale thereof, more ſenfible, 
judging that it might be of great uſe at Sea, contrived ſeveral Ways to 
make it ſerviceable on board of Ships; one of which he explained to the 
Royal Society at their Weekly Meeting in Greſbam College Fan. 2, 1665. 
Since which time he hath further cultivated the Invention; and ſome 
3 ago produced before the ſaid Society the Inſtrument I am now to 

elcribe. 

Tur Mercurial Barometer requiring a perpendicular Poſture, and the 
Quickſilver vibrating therein with great Violence upon any Agitation, is 
therefore incapable of being uſed at Sea, (tho' it hath lately been con- 
trived to be made portable.) So it remained to find out ſome other Prin- 
ciple, wherein the Poſition of the Inſtrument was not ſo indiſpenſibly ne- 
ceſſary: For this, all thoſe that uſe the Sea are obliged to the great Fa- 
cility Dr. Hooke has always ſhewn, in applying Philoſophical Experiments 
to their proper Uſes, | 

IT is about 40 Years fince, that the Thermometers of Robert de 
Flutibus, depending on the Dilatation and Contraction of included 
Air by Heat and Cold, have been diſuſed upon Diſcovery that the Air's 
Preſſure is unequal ; that Inequality mixing itſelf with the Effects of 
the Warmth of the Air in that Inſtrument: And inſtead thereof was 
lubſtituted the ſeal'd Thermometer, including Spirit of Wine (firſt 
brought into England out of Ttaly by Robert Southwell,) as a proper 
Standard of the Temper of the Air, in relation to Heat and Cold; 
that zthereal Spirit being of all the known Liquors the moſt ſuſcep- 
ble of Dilatation and Contraction, eſpecially with a modefutg Degree 
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Lect. X. of either Heat or Cold. Now this being allowed as a Standard, and the 
Ly other Thermometer that includes Air being graduated with the ſame Di- 


viſions, ſo as at the time when the Air was included, to agree with the 
Spirit-Thermometer in all the Degrees of Heat and Cold, noting at the 
fame time the preciſe Height of the Mercury in the common Barometer: 
It will readily be underſtood, that whenſoever theſe two Thermometers 
hall agree, the Preſſure of the Air is the ſame it was, when the Air was 
mcluded, and the Inſtrument graduated : That if in the Air-Thermo- 
meter the Liquor ſtands higher than the Diviſion marked thereon, cor- 
reſponding with that on the Spirit-Glaſs, it is an Indication that there is 
a greater Preſſure of the Air at that time, than when the Inſtrument 
was graduated. And the contrary is to be concluded, when the Air-Glaſs 
ſtands lower than the Spirit, viz. that then the Air is ſo much lighter 
and the Quickſilver in the ordinary Barometers lower than at the fame 
time of Graduation.——And the Spaces anſwering to an Inch of Mercury 
will be more or leſs, according to the Quantity of Air fo included, and 
the Smallneſs of the Glaſs Cane, in which the Liquor riſes and falls, and 
may be augmented almoſt in any proportion, under that of the ſpecifick 
Gravity of the Liquor of the Thermometer to Mercury: ſo as to have 
a Foot.or more for an Inch of Mercury, which is another great Conve- 
nience. It has been obſerved by ſome, that in long keeping this Inſtru- 
ment the Air included either finds a means do eſcape, or depoſite ſome 
Vapours mixt with it, or elſe for ſome other Cauſe becomes leſs elaſtick, 
whereby in Proceſs of time it gives the Height of the Mercury ſomewhat 
3 than it ought; but this, if it ſhould happen in ſome of then, 
hinders not the Uſefulneſs thereof, for that it may at any time very eaſily 
be corrected by Experiment, and the Riſing and Falling thereof are the 
Things chiefly remarkable in it, the juſt Height being barely a Curioſity. 
In theſe Parts of the World, long Experience has told us, that the Riſing 
of the Mercury forebodes fair Weather after foul, and an Eaſterly and 
Northerly Wind; and that the Falling thereof, on the contrary, ſignifies 
Southerly and Weſterly Winds, with Rain, ot ſtormy Winds, or both; 
vhich latter is of mach more Conſequence to provide againſt at Sea than 
at Land; and in a Storm, the Mercury beginning to riſe, is a ſure Sign 
that it begins to abate, as has been experienced in high Latitudes, both to 
the Northwards and Southwards of the Equator. 

AB repreſents the Spirit- Thermometer, graduated after the ſame man- 
ner with the like Degrees : with the Spirit Ball C, and empty Bubble D, 
(of Fig. 1.) ſuppos'd bebind the Board A C B, EF is a Plate applied to the 
Side of t e Thermometer CD, having alſo its Liquor Bottle A and Air- 
Bubble BF Fig 1.) out of Sight, graduated into Spaces . 
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Inches and Parts of an Inch of Mercury, in the common Barometer G. Lea. X. 
a Hand ſtanding on the Plate at the Height of the Mercury thereon, as it — 2 £ 
was when the Inſtrument was graduated, as ſuppoſe here at 294Inches. Pig. 2. 
LMa Wire on Which the Plate E F ſlips up and down parallel to the 
Cane of the Thermometer Cf.... xi 
EK, any Point at which the Spirit ſtands at the time of Obſerestion: 
Suppoſe at 38 on the Spirit- Thermometer; ſlide the Plate EF till 
the Hand G ſtands at 38 on the Air- Thermometer, and if the Liquor 
therein ſtands at 38 likewiſe, then is the Preſſute of the Air the fame as 
at the time of Graduation, vi. 29;5'; but if it ſtand higher, as at 30 at 
I, then is the Preſſure of the Air greater; and the Diviſion on the ſliding 
Plate againſt the Liquor, ſhews the preſent Height of the Mercury to be 
29 Inches 7 Ten. Kd co ou Kii ad ne 
I HAD one of theſe Barometers with me in my late Southern Voyage. 
and it never falled to prognoſtick and give. early notice of all the had 
Weather we had. ul"; A 5113 ot batt Thew oy (.588 "M1 Sala, 
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44. As by the ſudden and quick Changes of the Preſſure of the Air, 
when a Storm is coming (or already come) the Mercuty in the common 
Barometer riſes and falls ſo faſt as to vibrate or dance + ſo like wiſe does it 
dance in the Tube by the Shake of the Ship, tho thete be no! change in 
the Preſſure of the Air, or no Stõrm coming; and this happens becauſe 
the Attraction of Mercuty to GlaG is ſo ſmallꝭ thatthe leaſt Shake loaſens 
it from its Contact; but when the Marine- Barometer is/uſed; the Liquor 
in the Air-Thermometer (which is common Water ting'd blut, with a 
ſmall Mixture of Agua fortis 10 keep it from freezing) on which the, 
Air exerts its various Preſſure (thereby ſie wing what happens to Mercu- 
rial Barometers) is ſo ſtrongly attgacted to the Infidecofthe; Tube, which 
is ſmall, that no Motion of the Ship ar of the Hand Which catries the Iu- 
ſtrument, can make it dance. So that its ſudden Niſing and Falling can 
be owing to nothing but the Change of the Preſſure of the Air, whereby 
you may be fure that a Stotm is coming, and have notice to prepare for 
it. And this is the great uſe of the Marine · Barometer; for tho may 
not keep exactly correſpondent with the Mercutial Barometer for many 
Months, all we want is to ſhew the ſudden Changes of Preſſute. 36 that 
when Mr. Patrick the Toricellian Operator thought to improve this Ma- 
chine by ſubſtituting Mercury inſtead of a lighter Liquor in his New Ma- 
71ne- Barometer (as he called it) he render d it-unfit for the Sea, making 
it ſubject to receive Vibrations from the Shake of the Ship. He ingeed 
made it a ſhort and very portable Barometer, fit always to keep pace wuh 
the common Barometer, and a new lIuſtrument for Sal mee. 
Vor. II. Rr 4.5- 
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"oF Led 2 48. * he Airconfibodd Matt hats the 1 Dae eiae 
Cold (or What is the ſame thing, Heat and Cold had no Influence upon 


the Air in then would the KHir- Thermometer be tutn'd into a Barometer; 
for as the Preſſure of the Atmoſphere is increafed-or diminiſhed, the Air 
in the Ball of the Inſtrument would be condenſed, or would expand it- 
ſelf, and let fall or raiſe the Liquor in proportion. Now as thete are 
"a of keeping the Ball that holds the Air of the ſame Degree of Heat 

Cold; one may make this Machine a very ſenſible Barometer. 1 
hive made it ſo ſenſible, that in raiſing ĩt up from the Ground to the Top 
of a Table only three Feet higher, the Liquor has mod g of an Inch, 
which is go times more ſenſible than the Mercurial Barometer, which 
muſt be carried up go Feet high for the Mercury to fall g of an Inch. 


Howto prepare this Machine for taking Levels (in the manner that I fit- 


ted it up when I ſhew d it the Royal Society in the Year 1724. lee * 
Tranſact. N* 38 5.) you will find in the Notes . 

AND now I find there are ſtill ſo many things to be confider' a, in or- 
der to give a full Account of all the Properties of the Air, and tale in the 


new Diſcoveries that have been made about it, as well as giving a De- 


{cription of ſeveral Machines and Experiments to demonſtrate what we 
have more ſuperficially explain'd-and —— at, that this Lecture will not 
near contain what we have to ſay upon the Subject without ſwelling into 
too great a Length: therefore we muſt have another Lecture to finiſſi our 
Pneumaticks. All that we can do now is to give our two Diſſertations 
upon the Riſe of Vapours, and Formation of Clouds and Rain, which 
will compleat the Doctrine of the Weather, and ſhew the further and 
full Uſe of the ſeveral Machines for obſerving it, which we have deſcrib d 
already. I muſt alſo inſert my Diſſertation on Electricity, that extenſive 
Property of Bodies being a powerful Agerit in ſeveral ene. where [ 
it was thought to have no concern. | 


Phil. 'Franf. N' 407. An Attempt to fabve the Fe of th 
Riſe of Vapours, ' Formation of Chuds aud Deſcent f Rain. In a 
Letter from Dr. J. T. Ws pe 1 _ F. RS. to Dr. Rutty, 
R. S. Seer. Us N 


S IX, 


HE Reaſon of my writing upon a Subject which has been ſo 
© | often treated of, is, that none of the Accounts hitherto: given 
© of this Phænomenon, (atleaſt that I have met . 28 to be fulf- 
« cient to ſolve all the Circumſtances of it. * 
| DR. 


A cum of "Experimental Philoſophy 


nx. Niewentyt/ and ſome others fay——That' Partivles of Fire ſe- Lect. X. 
to Partieles of Water, make 


© parated from the Sun-beams; by adhering 
up en or ſmall Bedies, ſpeeifically lighter than Air, Which there. 
c fore hydroftatical Laws, muſt riſe and form Clouds that terrain 
« ſulpe A when they are riſen'up to ſuch an Hei e Air — 
c chem is of the ſame ſpecifick Gravity with themſelves.” © 
© Taar Rain is produced by the Separation of the Panktlever!2 Fife 
from thoſe of Water, which laſt being Wen reſtored to/their formec 
ſpecifick Gravity, ean no longer be ſuſtained by the Air; but muſt fall 
in Drops. See Nrewentyt's Religious n Seen, 19. 
from Sect. 13. to Sect. 2 5. dg! 
Now this is liable to ſeveral Objections: Firſ, "It is ball upon a 
Suppoſition that Fire is 4 particulsr dubſtance, or diſtinct Element, 
which has never yet been prov d by convincing Experiments and ſuffi- 
cient Obſervations; and which the Reverend Dr. Hales has it His late 
excellent Book of Vegetable Staticks ſhewn to be an ill grounded Opi- 
nion, making i it very plain, that in Chemical Operations thoſe Bodies 
which had been thought to becotne heavier by Particles of Fire ad- 
hering to them, were only ſo Adheſton of Particles of Air; Ec. 
which he has ſhewn to be ab/orbedirf great Quantities dy iſotrie Bodies 
whillt it is generated (or reduced: from a f to an wa/tick State) by 
others; nay, that it may be abſorbed and generated femme by the 
ſame Body, undet᷑ different Circumſtances. 

Secondiy, Ir we ſhould allow the abs Mehswag oF ppofion/the 
Difficulty will ſtill tetain about the Production of Avid the Sepa- 
ration of Fire from the Water: Por Dr: Niewenty” aſerißes Me ET. 
fect to two different Cauſes. FirP, to Condenſation (Sec. 23.) ſay- 
ing, * That when contrar Wip s blow againſt the fame 

« drive the watery Particles togethet, the Fire tht adher d to them gets 
« looſe, and the y (becoming then ſpecthcally heavier) precipitate and fall 
cc down 1 in Rain” Then in che very next Sr#99, he aſenbes it fo 
KRarefaction, hen he ſays, That When a Wind blowing) obliqu dely 
* npwards cauſes a Cloud to riſe into a thinner Air (i. e. elbe hte 
« than itſelf) the Fire which by ſticking to the Particles of — 
© rendred them lighter; extricates itſelf from" them, and aſcetidin 

its Lightneſs, the Water becomes too heavy, not only to tema f 4 
<« this thin mee light Air, but even in à thicker and heavier' Hear tlie 
Earth, and fo will be turned into a deſeending Dew, Mist, or Rain, 

"or Snow, or the like, eps bp watery eur are Wel rare 
= fied or compreſſed” * 
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Al X TIE a of theſe Cauſe of Rain.) is * to e for 


2 hen: vontrary Winds: blow e each other, over any Place of 


floating Particles of Water to come within the 


Attraction, and form ſuch big Drops, as being ſpecifically heavier than 
any Air, muſt fall in Rain. 


the Earth, the Barometer always riſes, and we, have fair Weather. 


For then, as Dr. Halley ſays in Philoſ. Tranſ. Ne 183, the Air being 
accumulated above, becomes ſpecifically , heavier about the Clouds, 


© which (inſtead of falling into Rain, as Dr. Niewentyt ſuppoſes) aſcend 


up into ſuch a Part of the Armoſphere, as has the, A of the fame 
; + ſpecifick; Gravity with themſelves. . La 


Ir the falling of Rain might be attributed to the fond of theſe 


* Cauſes, then eyery time a Cloud is encompaſſed with Air, ſpecifically 


* lighter than itſelf (whether it be when by the blowing away ſome of 


the ſuperior; Air, that which is about the Cloud becomes rarer as it is 
leſs compreſſed, or by the Cloud being driven upwards) . Rain muſt 


*; neceſſarily. follow. whereas one may often ſce the Clouds riſe and fall 
without Rains, even when the Barometer ſhews, the Weight, of the 
Air to be alter'd,., For that happens only when by the great Diminu- 


tion of the ſpecifick Gravity of the Air about the Cloud, it. has a great 


way to fall; in which Caſe the Reſiſtance of the Air, which increaſes 
as the Square of the Velocity of the deſcending Cloud, cauſes the 
1 of each other's 


No gentle Deſcent of a Cloud, 555 only mn, aceflecaggd Motion 


off downwards,” roduces Rain. 5 


e e that: the, nick Bebunt ufo een 


„Ga of Rainy becauſe thr Shock fo from a Flaſb Tee and the 
* ſudden Return of tbe Air after the Vacuum made by tbe Flaſh, will 


© condenſe the. floating Vapour into Water ; and alſo the ſame Chaud ohich 


© in-tbe free Air, might be carried horizontally without, being ituru'd into 


Kain, meeting with, an high Hill in it Way will. be. condenſed and 


Fall in Drups; eſpecinlly . in the Day- time, it be driven by | the Wind 
out , the. Sunſhine, againſt the ſhaded Side / the Mountain. ls > 

_ -£,Bes1Des all this, if Particles of Fire were join d with thoſe of Wa- 
ter to raiſe them up; ; thoſe igneous Particles muſt be at leaſt 1000 times 
greater in Bulk than the watery ones; ſo that a Perſon, who, at the Top 


* of a Hill has his Hands and Face in a Cloud, muſt feel a very ſenſible 
©; Warmth, by touching a much greater Surface of Fire than Water in 
the Cloud, and afterwards find the Rain produced from that Vapour 
« ſenſibly colder: whereas the contrary is prov'd by our Senſes, the Tops 
; 1 Hille tho' in the Clouds being much colder than the Rain at Bottom. 


e * - 1 


© THERE 


y, that tho” Water be ſpecifically heavier than Air, yet 
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- Taznt is another Opinion concerning the Riſe of Vapours, name- Lect. x. 


be increaſed by very much diminiſhing the Bulk of its Particles, when 
once raiſed, it cannot eaſily fall; becauſe the Weight of each Par- 
ticle diminiſhes as the Cube Root of its Diameter, and the Surface to 
which the Air reſiſts, only as the Square Root of the ſaid Diameter: 
That we ſee this in the Duſt in Summer, and in Menſtruums that 
ſuſtain Metals diſſolved, which are ſpecifically 'heavier than the Men- 
ſtruums. | | | 8 n 

* BuT, this will not explain the Phænomenon; becauſe though the In- 
creaſe of Surface (the Weight remaining the ſame) will in a great mea- 
ſure hinder (or rather retard) the Deſcent: of ſmall Bodies moving in 
the Air, by Reaſon of its great Reſiſtance to ſo large a Surface; it will 
for the ſame Reaſon alſo hinder the Aſcent. For the Riſe of Duſt is 
owing to the Motion of Animals Feet in it, or tothe Wind: Whereas 
Vapours riſe in calm Weather, as well as windy; neither do they, 
like the Duſt, always fall to the Ground, when the Wind ceaſes to blow. 
Tur third Opinion, and which is moſt commonly received, is, that 
by the Action of the Sun on the Water, ſmall Particles of Water are 
formed into hollow Spherules filled with an Aura, or finer Air highly 
rarefied, ſo as to become ſpecifically lighter than common Air, and 
conſequently that they muſt - riſe in it by hydroſtatieal Laws. As for 
Example, if a Particle of Water, as it becomes a hollow Sphere, be 
only increaſed ten times in Diameter, its Bulk will be increaſed a 
thouſand times; therefore it will then be ſpecifically lighter than com- 
mon Water, whoſe ſpecifick Gravity is to that of Air, as 8 50 to 7; 
then it the Denſity of the Aura, or Spirit within the little Shell, be 
ſuppoſed ꝙ times leſs than that of Air, or as 111% to 1000, that ſpe · 
cifick Gravity of the Shell, and its Contents will be to that of Air, as 
961 to 1000 ; therefore ſuch an aqueous Bubble muſt riſe till ĩt comes 
to an Aquilibrium-in Air whoſe Denſity is to the Denſity of that in 
which it began to riſe as 8 50 to 8 16,8 nearly. But it appears by Ex- 
periments, that Air rarefied by an Heat which makes à Retort red-hot, 
is only increaſed in Bulk, or dilated 3 times; by the Heat of boiling 
Water only A or near two Thirds; and by the Heat of a human Body 
(ſuch as will raiſe Vapours plentifully) only £2, or about 4. ' L own 
my Objection may be anſwered, by ſuppoſing the Spherule of Water 
to be more increaſed in Diameter, as for Example 20 times; becauſe 
then, if it be filled with Air only 4 rarer than common Air, it will be 
(pecifically ligtiter, and capable of riſing to a conſiderable Height. 
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Loect X 1 To give this Solution all its Force, let us expreſs ĩt in Numbers. | 
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of (4) was carried into (v), and then the Weight of (w) would be 
"increaſed by the Number 6000 ;'fo that the Shell of Water, being in 


* 


1 


LET A and W (Fig. 5.) repreſent a Particle of Air, and one of 
Water of equal Bulk, then will the Weight of A be to the Weight of 


W as 1 to 850, their Bulks being equal. If the Particle of Water be 


blown up into a Bubble (ww) of 20 times its Diameter, then will its 
Bulk be to its Weight as 8000 to 8 50, whilſt a Sphere of Air (a) of 


the ſame Bigneſs, has its Weight as well as Balk equal to 8000; Now 


if an Air or Aura, rarer than common Air, be ſuppoſed within the 
watery Bubble, to keep it blown, it will be the ſame as if + of the Air 


Bulk Sooo, would be in Weight 8 50 * 6000 = 6850, whilſt an 
equal Bulk of Air weighed 8000; and conſequently the watery Bubble 


would riſe till it came to an Air, whoſe Denfity is to the Denſity of the 


Air next to the Surface of the exhaling Water, as 68 50 to 8000. 


Tuts is the ſtrongeſt Way of ſtating the Hypotheſis. But to ſupport 


it, the following Queries muſt be anſwered. 


737} 2, . How comes the Aura, or Air in the Bubbles, to be ſpeci- 
flcully lighter than the Air without them, ſince the Sun's Rays, which 


act upon the Water, are equally denſe all over its Surface? 

© 9. 2. Ir it could be poſſible for a rarer Ait to be ſeparated from the 
denſer ambient Air, to blow up the Bubbles, (as ſoaped Water is 
blown up by warm Air from the Lungs, whilſt the ambient Air is 
colder and denſer) what would hinder that Cold Air, by its greater 


Preſſure, from reducing the Bubbles to a leſs Bulk, and u greater ſpe- 


cifick Gravity than the Air, eſpecially ſince Cold can be communicated 
through ſuch thin Shells, and the Tenacity of common Water is very 


ſmall, when compared with that of ſoaped Water, (whoſe Bubbles, 


notwithſtanding that Tenacity) are ſoon deſtroyed by the Preſſure 
of the outward Air, as the Air within them oss. 

* 9,3. Ir we ſhould grant all the reſt of the Suppoſition, yet this 
Dithculty will remain; if Clouds are made up of hollow Shells of 
Water filled with Air, why do not thoſe Clouds always expand when 
the ambient Air is rarefied, and preſſes leſs than it did before, and allo 


ſuffer a Condenſation, as the ambient Air is condenſed by the Accu- 


mulation of the ſuperior Air? | % 88 
Ir this Condenſation and Rarefaction ſhould happen to the Clouds, 
they would always continue at the ſame Height, contrary to Obſerva- 
tion ; and-we ſhould never have any Rain. | 

© From all this it follows, that the Condenſation and Rarefattion of the 
Vapours, which make Clouds, muſt depend upon another Principle _—_ 


4 Cui , Hrperimentai Philoſophy. 311 


* ehe Condenſation and Rareſattion of the Air : And that there is ſuch a Lect. Xx. 
, Princi pie, 1 fhall endeavaur to ſhew, | +! 18) hon | — 4 


LE MMA. 


We Particles of all Fluids haue a repellent Force. 

© FLU1DsS are elaſtick or unelaſtick ; The-claſtick: Fluids have their 
« Denſity proportionable to their: Compreſſion, and Sir Ja Newton has 
« demonſtrated, (Princip. Lib. 2. Sed. 5.) that they conſiſt of Parts that 
« repel each other from their reſpective Centers. Unelaſtick Fluids, like: 
Mercury, Water, and other Liquors, are by Experiments found to 
be incompreſſible; for Water in the Florentine Eaperiment could not 
by any Force be compreſs d into leſs Room, but oo d like Dew through: 
the Pores of the hallow Silver Ball, in which it was confin'd, when a: 
Force was apply' d to preſs the Ball out of its ſpherical, into a leſs capa» 
cious Figure. Now this Property of Water and other Liquors muſt be 
entirely owing to the centrifugal Force of its Parts, and not its Want of 
Vacuity; fince Salts may be unbib'd by Water without increaſing its. 
Bulk, as appears by the Increaſe of its ſpecifick Gravity. So Metals, 
which (fingly) have a certain ſpecifick Gravity beyond which they 
cannot be condens'd, will yet receive each other into their Interſtices, 
fo as to make a Compound fpecificallyheavier than the heavielt of them; 
as is experienced in the Mixture of Copper and Tin. 
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SCHOLIUM. | 

* By increafing the repellent Force of the Particles, an unelaſtick or 
incompr cffible Fluid may become elaſtick, a Solid (at leaſt a great 
Part of it) may be changed into an elaſtick Fluid; and vice verſd, by 
diminiſhing the repellent Force an elaſtick Fluid may be reduced to an 
unelaſtick Fluid, or to a Solid. That the Particles of Quickſilver, Wa- 
ter, and other Liquors are likewiſe endued with an atttactive Force, is 
evident from thoſe Suſtſtances running into Drops in an exhauſted Re- 
ceiver, as well as in the Air, and likewiſe their adhering to other Bo- 
dies. The Attraction and Repulſion exert their Forces differently: 
The Attraction only acts upon the Particles which are in Contact, or 
very near it; in which Caſe it overcomes the Repulſion ſo far as to 
render that Fluid unelaſtick, which otherwiſe would be ſo; but it does 
not wholly deſtroy the Repulſion of the Parts of the Fluid, becauſe it 
' 1s on account of the Repulſion, that the Fluid is then igeompreſſible. 
When by Heat or Fermentation (or any other Cauſe, if there be any) 
the Particles are ſeparated. from their Contact, the Repulſion grows 

5 | s ſtronger, 
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Lea: X : « Aron ger, and the Particles exert that Force at great Diſtances, ſo that 
— dhe ſame Body ſhall be expanded into a very large Space by becoming 
* fluid, and may ſometimes take up more than a million of times more 
© Room than it did in a folid or incompreſſible Fluid. (See the Queries 
* at the End of Sir Jaac Newton's Opticks.) Thus is Water by boiling, 
and leſs Degrees of Heat, changed into an elaſtick Vapour rare enough 
„to Hiſe in Air, Oils and-Quickfilver in Diſtillation made to riſe tn a 
very rare Medium, ſuch as remains in the red-hot Retort, and ſulphu- 
*-reous Steams will riſe even in an exhauſted Receiver, as the Matter of 
the Aurora Borealis does in the thinner Part of our Atmoſphere, If 
* Aqua fortis be poured on Quickſilver, a reddiſh Fume will riſe much 
lighter than common Air; fo alſo will Fumes riſe from Filings of Me- 
tals, from Vegetables when they ferment by Putrefaction; and (as the 
Reverend Dr. Hales has ſhewn) ſeveral ſolid Subſtances by diſtilling, as 
well as Fermentation, will generate permanent Air. 
Tuna Heat will add Elaſticity to Fluids is evident from numbetleſs 
Experiments, eſpecially from Diſtilling and Chemiſtry, But what is 
-needful to conſider here is only, that it acts more powerfully on Water 
than common Air; for the ſame Heat which rarefies Air only 3, will; 
rarefy Water very near 14000 times, changing it into Steam or Vapour” 
as it boils it: And in Winter, that ſmall Degree of Heat, which in 
reſpect to our Bodies appears cold, will raiſe a Steam or Vapour from 
„ Water at the ſame time that in condenſes Air. 3045-4 28 * 
1 * By a great many Obſervations made by Mr. Henry Beigbton, 
| F. R. S. and myſelf, upon the Engine to raiſe Water by Fire, accord- 
ing to Mr. Newcomen's Improvement of it, we found that the Water 
in boiling is expanded 14000 times to generate a Steam as ſtrong (i. e. 
as elaſtick) as common Air, which therefore muſt be near 16 + times 
ſpecifically lighter. And that this Steam is not made of the Air extri- 
cated out of the Water is plain, becauſe. it is condens d again into 
Water by a Jet of cold Water ſpouting in it; and the little Quantity 
of Air that comes out of the injeted Water mult. be diſcharged at 
every Stroke, otherwiſe the Engine will not work well. There is alſo 
another Experiment to confirm this. l e | 
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ExPERIMENT. - Plate 23. Fig. 3. a 

* ABCD is a pretty large Veſſel of Water, which muſt be ſet upo 
the Fire to boil. In this Veſſel muſt be ſuſpended the Glaſs Bell E, 
made heavy enough to ſink in Water; but put in, in ſuch a manner, 
that it be fill d with Water when upright, without any Bubbles of Air 
at xs Crown within, the Crown being all under Water. As * 
2 | boils, 


Plate 23. 
Fig. 3. 
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be Air or not, take the Veſſel off the Fire, and draw up the Bell by a 
String faſten'd to its Knob at Top, till only the Mouth remains under 
Water; then, as the Steam condenſes by the cold Air on the Outſide 
of the Bell, the Water will riſe up into the Bell at F quite to the Top, 
without any Bubble above it, which ſhews that the Steam which kept 
out the Water was not Air. | | 


N. B. This Experiment ſucceeds beſt when the Water has been firſt 


* purg'd of Air, by Boiling and the Air-Pump. 
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Wr know by ſeveral Experiments made on the Fire-Engine, (in 
Captain Savery's Way, where the Steam is made to preſs immediately 
on the Water) that Steam will drive away Air, and that in proportion 
to its Heat; though in the open Air it floats and riſes in it like Smoak. 
Now if the Particles of Water turn'd into Steam or Vapour repel each 
other ſtrongly, and repel Air more than they repel each other; Aggre- 
gates of ſuch Particles made up of Vapour and Vacuity may riſe in 
Air of different Denſities, according to their own Denſity, dependant 
on their Degree of Heat, without having recourſe to imaginary Bub- 
bles form'd in a manner only ſuppoſed, and not proved, as we have al- 
ready ſhewn. I own indeed that if the watery Particles had no repe[- 
lent Force, they muſt precipitate in the ſame manner that Duſt will do 
after it has been raiſed up; but we have too many Obſervations and Ex- 
periments to leave any Doubt of the Exiſtence of the repellent Force 
abrve-mentioned. Neither can I ſhew by any Experiment, how big the 
Moleculz of Vapour muſt be which exclude Air from their Interſlices, 
and whether thoſe Moleculæ do vary in proportion to a Degree of Heat 
by an Increaſe of repellent Force in each watery Particle, or by a far- 
ther Divifion of the Particles into other Particles flill fs ; but in ge- 
neral we may reaſonably affirm, that the Rarity of the Vapour is pro- 
porttonable to the Degree of its Heat, as it happens in other Fluids, 
(ee Phil. Tranſat. Numb. 270.) and that though the different Degrees 
of the Airs Rarefattion are alſo proportionable to the Heat; the ſame 
Degree of Heat rarefies Vapour much more than Air, . 
* Now, to ſhew that what has been faid will account for the riſe of 
Vapours and Formation of Clouds, we muſt only confider ;—Whe- 
ther that Degree of Heat, which is known to rarefy Water 14000 * 
Vor. II. 8 | times, 
Ai the Digreſſion awould be too long to men- it expanded 14000 times mare than cold Water : 


en here thoſe Obyjervation on the Fire-Engine, I refer the Reader to the 6th Section of the 
avhich few that the Vapour from boiling arr 25th Contemplation of Niewentyi's Reli io My 


ilo- 
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boils, the Bell will by 5 Eat be emptied of its Water, being preſs'd Lect. X. 


h riſes above the Water in the Bell; but as e 
that Steam has the Appearance of Air, in order to know whether it Fig. 
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Let. X. © times, being compared with ſeveral of thoſe Degrees of Heat in Sum- 
—— mer, Autumn, and Winter, which are capable of raiſing Exhalations 


to the Earth, which has not any 


© from Water or Ice; the WY of the Vapours (eſtimated by the De- 
« gree of Heat) will appear to be ſuch, that the Vapour will riſe high 
enough in Winter, and not too high in Summer, to agree with the 
© known Phænomena. P Ne 

* That the Effects are adequate to the Cauſes in this Caſe, I think I can 
« make out in the following manner, vis. , 5 | 

Tun Heat of boiling Water, according to Sir Vaac New!on's Table 
* (Phi. Tranſact. Numb. 270.) is 34, the mean Heat of Summer 5, 
* the mean Heat of Spring or Aututan 3, and the leaft Degree of Heat, 
* at which Vapours riſe in Winter {alias the mean Heat of Winter) is 2. 
The Rarity of Vapour proportiohable to theſe four Degrees of Heat, is 
* 14000, 2058, 1235, and 823, The Rarity of Air is, in Summer 
« 900, in Spring or Autumn 850, and in Winter 800, the Denſity of 
Water compared with the above-mentioned Denfities, being inverſely 


as ane to the ſaid fore-mention'd four Numbers. The. Heights above 


© the Earth to which the Vapours will riſe, and at which they will be 
in &gquilibrio, in an Air of the ſame Denſity with themſelyes, wil! vary 
according to the Rarity of the Vapour depending on the Heat of the 
* Seaſon. For the Vapour which is raiſed by the Winter's Heat, ex- 
preſſed by the Number 2, when the Air's Rarit is 800, will riſe to 
(and ſettle at) an Height of about the fixth of a Mile, when the Ba- 
* rometer is above 3o Inches high. But if the Heat be greater, then 
* the Vapours will riſe higher, and pretty much higher, if the Sun 
* ſhines, though in froſty Weather, the Barometer being then very high. 
If the Barometer falls, and thereby brings the Place of Æguilibrium 
* (for Vapours raiſed by the Heat 2) nearer the Earth, then alfo will the 
Heat be increas'd, the Vapour more rarefy'd, and conſequently the 


new Place of Æguilibrium ſufficiently high. It is to be obſery d, that 


in Winter, when the Heat is only equal to 2, the Air is denſeſt cloſe 

Heck ſufficient to rarefy it near 
* the Ground, as happens in warm Weather ; thereſore the Vapour will 
* riſe gradually in an Air whoſe Denſity decreafes continually from the 
Earth upwards ; neither will the Vapour be hinder'd of its full Riſe, 
by any Condenſation from a greater Cold of the ambient Air, the Air 


being then as cold next to the Ground where the Vapour begins to riſe, 


as it is at any Height from the Earth. 4 
| Tur 


 Philofopher, wuhere be proves by an Experiment fidering the great Allowances made againſt the Af 


made with an FEolpile, that one Inch of Water fertion may avell be call d "14000, 


Produces 13365 Inches of Vapour ; which, con- 


- 
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* Tax Vapoar which is rais d by the Heat of Spring or Autumn, ex- Lect. X. 
« preſs'd by Number 3, will riſe to the Height of 3 4 Miles, when the 
© Barometer is at 30, and the Airs Ratity is 850. But then, as the Air 
is hotter nearer the Ground than at the Height of half a Mile or a Mile, 
the Vapour will condenſe as it rifes; and as the Air, when the Earth is | 
heated, is rarer near the Ground than at fome Height from it, the f 
Place of Equilibrium for Vapour, will, upon theſe two Accounts, 
be brought much lower than otherwiſe it would be; as, for Example, 
to the Height of about a Mile, which will agree with Pheænomena. 
© In Summer, the two Cauſes above- mention d increaſing, the Vapour 
rais'd by the Heat 5, (whoſe Place of Æyuilibrium would be 5 + 
Miles high, if the Vapour after it began to rife was not condens'd by cool- 
ing, and the Air was denfeſt cloſe to the Earth) will ſettle at the 
Height of about 1 +, or 2 Miles, which is alſo agreeable to Phenomena, 
© LASTLY, as the Denſity and Rarity of the Vapour is chiefly owing 
to its Degree, of Heat, and in a ſmall Meaſure to the increas d or di- 
mini(h'd Preſſure of the circum- ambient Air, when it is not confin'd ; 
and the Denſity and Rarity of the Air is chiefly owing to the increas d 
or diminiſh'd Preſſure, by the Accumulation or Exhauſtion of ſuperior 
Air, whilſt Heat and Cold alter its Denſity in a much leſs Proportion; 
the Clouds made of the Vapours above-mention'd, inſtead of conform- 
ing themſelves to the alter d Denfity of the ambient Air, will riſe when 
it is condens'd, and ſink when it is rarefy'd, and alſo riſe or fink (when 
the Preſſure of the Air is not alter d, and its Denſity very little chang'd) 
by their own Dilatation, owing to Heat or Cold; as may be obſecv'd 
often, by ſeeing them change their Height conſiderably, whilſt the 
Barometer continues exactly at the ſame Degree, and the Thermometer's 
Liquor riſes or falls very little, and ſometimes not at all. 
* As for the manner how Clouds are chang d into Rain, I have hinted 
it in the Beginning of this Paper; but for farther Satisfaction, I refer 
the Reader to Dr. Hoalley's Account of it, in the Philoſophical Tron/- 
actions, (Numb. 183.) in which I entirely acquieſce, Having always 
ſound it agreeable to the Phenomena. 
* Ir by publiſhing theſe Thoughts I have-explain'd the Riſe of Va- 
pours in a more ſatisfactory Way than has been done before; ot if I have 


_ y given uſeful Hints to others more capable of doing of it, I have my 
* End, 
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P. S. Stxcr I have for Brevity ſake only mention d at what Heights 

from the Surface of the Earth Vapours of different Denſities will come 

to an QÆguilibrium, without giving a Reaſon for ſettling the * 
8 2 9 


— 


/ 386 A Courſe f Experimental Philoſophy. 
Lect. X. of Æguilibrium, at thoſe ne er I think proper to give the Method 
— © here by which they are to be found, viz. As the Vapours will ſettle 
and riſe where the Air is of the ſame Denſity with themſelves ; it is 
* only required to find the Denſity of the Air at any, Diſtance from the 
© Earth, at ſeveral Heights of the Barometer, which may be deduced 
from Dr. Halleys two Tables Philgſopb. Tranſact. Ne 386. (the firſt 
* ſhewing the Altitude to giyen Heights of the Mercury; and the ſecond 
the Height of the Mercury at given Altitudes) and knowing the De- 
grees of Heat by the Thermometer, becauſe the Denſity of the Vapour 
. depends upon the Degree of Heat of the Seaſon ; provided that proper 
* Allowances be made for the great Rarefaction of theAir near the Earth 
© in hot and dry Weather, and the Condenſation of the Vapours in their 
« Riſe, by reaſon of the Air being colder at a little Height above the 
Earth than juſt at the Surface of it. q 
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ADISSERTA TION concerning ELECTRICITY. Written in 
the Year 1742. To which is annex d, A Letter from Prefident B A R- 

BOT, perpetual Secretary of the Academy of Bordeaux, to acquaint 
the Author that his Diſſertation had won the Prize propoſed by that Aca- 
demy to be given to the Perſon who ſhould write beſt upon that Subject. 


N. B. Evexy Author of a Diſſertation on the Subject propoſed, 
writes fome Motto or Sentence at the Bottom of his Diſſertation; 
and alſo ſends his Name and Titles, together with the ſame Motto 

| ſealed up. The Academicians firſt examine all the Diſſertations 
without knowing their Authors, and when they have adjudged the 
Prize to any one of the Diſſertations, they open the ſealed Papers to 
find out the Author, whoſe Name has along with it the Motto of 
the Paper winning the Prize. | | 


N. B. FOR the ſake of ſuch Perſons as are cariows to know what 
Electrical Experiments have been made; thoſe Plates in the Philoſo- 
phical Tranſactions of London, and in the Memoirs of the Royal 
Academy of Sciences of Paris, and other Treatiſes concerning this 
Subject, are referred to, where the Experiments are deſcribed at 


large. F 


LECTRICITY is a Property of ſome Bodies, whereby they 

| alternately attract and repet ſmall Bodies when brought near them, 

and that at ſenſible Diftances, vix. from a Quarter of an Inch to the 
Diſtance of two or three Feet, and ſometimes beyond. 


= 
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Taz firſt kind of Bodies in which this Virtue or Property has been Le&. X. 
obſerved is the Electrum or Amber, for which Reaſon it has been called 
Electricity, which Name has been retained, tho' the ſame Virtue has 
been obſerved in a great Number of other Bodies ; as for Example, in all 
Sorts of Glaſs, Cryſtals, and precious Stones; Reſins, Sulphurs, and ſome 
Minerals ; dry animal Subſtances, and Vegetables (tho' rarely) but never 
Water and watery Fluids, moiſt Bodies, and Metals. 

Tux Electricity which is inherent in ſeveral Bodies is hardly precep- 
tible, unleſs they Bax a vibratory Motion given to them, by Friction or 
any other Means, fo as to cauſe them to throw out Efluvia or Ema- 
nations. 8 | 

I pisTINGvISH all Bodies into ſuch as are Elefricks per ſe (or of 
themſelves) and Non-Elefricks per ſe. A Body that is electric per ſe, 
is ſuch an one in which Electricity may be excited by ſome Action upon 
that Body, ſuch as rubbing, patting, or warming it, and ſometimes only 
expoſing it to cold and dry Air after it has been covered, c. A Non- 

Ele&rick per ſe is a Body which cannot be excited to Electricity by any 

Action upon the Body itſelf. But yet Non-Eleftrick per ſe receive E- 
lectricity, when you bring near them EleFricks per ſe in which Electri- a 
city has been excited. In order to know, that Non-Electricks have re- 
ceived the communicated Electricity, they muſt be inſalated, that is, 

they muſt not be ſuſpended from, or ſupported by any Bodies but wt at 

are Electricks per ſe; for if a Non-Electrick be touched by another Non- 

Ele&rick, which touches a third, and fo on; all the Electricity received 

by the firſt will go the ſecond, and from the ſecond to the third, and 

ſo on, till at laſt it be loſt upon the Ground, or the Earth. But if ſeveral 

Non-Electricks touching one another, are at laſt terminated by Electrick 

Bodies, in that Reſpect they make but one Body, and receive and retain 

Electricity for ſome time. "4 

THeRe are ſeveral Ways of finding when Non-Electricks have received 
EleQricity ; (which is enerally communicated to them by applying a 
Glaſs-Tube, excited by Friction, to one End of thoſe Bodies) of which 
here follow a few. If an Tron Bar be ſuſpended horizontally by two 
ſilken Strings that are very dry, and the rubb'd Tube be applied or brought 
near to one of the Ends of the Bar, and then ſome Leaf-Gold or Leaf- 

Braſs, or any other light Bodies plac'd upon a ſmall Stand be brought 
near the other End, they will be alternately attracted and repell'd by the 
Bar. Likewiſe if you bring your Face or the End of your Finger near 
the ſaid End of the Bar; the electrical Effluvia coming out on the ſudden 
will make a ſenſible Pricking, with a ſnapping Noiſe, and produce a Flaſh 
of Light that may be ſeen in the Dark. A ſmall flaxen Thread _ a 
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Le&. X. Foot or two long, ſuſpended by a Stick, and being brought neat the Bar: 
Mill be attracted by it without deſtroying its Electticity till after ſome 


time, That Thread (which we ſhall call he. Thread of Trial) ſetves to 
find out when the Bar or any other non-eleQtrick Body has received the 
communicated Electricity. ber 3 5 bo 
A Bob which is eic per ſe, does not receive this Virtue from a- 
nother ele&rick per ſe tho excited, till it is become 4 non-ele&rich; which 
happens when it is made moiſt ; and then it will be made electrick only by 
Communication. So that an electric per ſe may become non-ele&rrch 
and likewiſe a Body non-elerick per ſe may become electrick by Com- 
munication. - E 2 
Tuosz electrick Bodies in which it is difficult to excite Electricity, 
may be look'd upon as Non-Electricts, when their Electricity is not ex- 
cited: and then they will be in the ſame Condition as Non-Electricts 
per fe, and be liable to receive Electricity by Communication in the ſame 
manner. 
As there are a very great Number of electrick Bodies, which act after 
the ſame manner when Electricity has been excited in them, I ſhall here 
mention only the Tube of Glaſs which is rubb'd by the Hand, referrin 
my Reader for the Enumeration of other electrick Bodies, and their Ef- 
fects, to the late Mr. Hawkſbee's Book of Phyſico- mechanical Experi- 
ments, to the Philoſophical Tranſactions of London, to the Memoirs of 
the Royal Academy of Sciences at Paris, and to the other Authors who 
have written upon this Subject. | gs 
Taz Glaſs-Tube commonly uſed in electrical Experiments is about 
three Feet and a half long, an Inch and an half in Diameter, and about 
iz of an Inch thick, open at both Ends, but ſometimes hermetically 
ſealed at one End, viz. that which is fartheſt from the Hand. Theſe 
Proportions are not ſtrictly neceſſary: only this Bigneſs is moſt convenient 
for the Hand; and when the Thickneſs is leſs than , of an Inch, the 
Electricity is ſobner excited by Friction, but it does not laſt fo long as 
when the Tube is thicker. You muſt hold the open End of the Tube 


(hen it has one End ſhut) in the left Hand; and it muſt be rubb'd up 


and down ſeveral times with the right Hand, holding dry Paper or dry 
Cloth in your Hand: but the Hand alone is much better, provided It be 
very diy, which ſeldom, happens. It is alſo very propet to warm the 
Tube a little by the Fire to dry it before you begin to rub it; but abſo- 
lutely neceſſary to do it when the Air is moiſt, which is the moſt incon- 
venient Weather for making theſe Experiments. Dry and cold Ait is the 
moſt Pagers for then very little Friction is ſufficient ; but you muſt 120 


. 


the Tube a great while, and the Electricity continues but a little while 
when the Weather is moift. "+1 

To know whether the Tube has been rubb'd long enough, and the 
Electricity ſufficiently excited, you muſt ſtrike your Fingers croſs-wite 
near the Tube, but without touching it, at the Diſtance of about half an 
Inch, and you will hear a ſnapping from the electrieal Effluvia, which 
going from the Tube ſtrike againſt the Fingers and rebound again to the 
Tube. Then you may be ſure that the Tube is in a Condition to pro- 
duce its Effects, being fully prepar'd for making electrical Experiments; 
but you muſt not forget to rub the Tube anew (at leaſt once) after it has 
been made to ſnap in paſling the Fingers near it ; -becauſe at the Place 
where the Fingers paſs d by and made a ſnapping, the Electricity of the 
Tube has been deſtroy d. If you move your Fingers long-wiſe from one 
End of the Tube to the other (but all the while without touching it) you 
will hear a continual ſnapping, like a diſtant Noiſe of Thorns burning 
in a Fire. If the Room be darken'd when you make thoſe Experiments, 
you will ſee Sparks of Light where-ever the Tube ſnaps; and likewiſe a 
Light following the Hand that rubs the Tube. ; 774 


Some EXPERIMENTS made moith the Tube above deferib'd, ſufficient to 
ſhew the manner in which the Bodies which are electrick per le, ad. 


As it would requite a whole Volume to recount all the electrical Ex- 
periments that have been made, and thoſe that are made every Day; I 
ihall only mention here ſome of the moft remarkable Experiments 
which will ſerve to explain the Principles that I lay down; by which one 
may always certainly foretell what will happen to any Body which is ex- 
cited to Electricity, or any other Body which receives the Electricity 
communicated from a Body in which Electricity has been excited. 


EXPERIMENT 1. | 


Havinc laid ſmall Pieces of Leaf-Gold or Leaf-Braſs, or any other 
ſmall Bodies upon a little Stand whoſe Surface or Top was ſeven or eight 
Inches Diameter, the rubbd Tube having been brought within a Foot or 
two of the Stand, the ſmall Bodies were alter nately attracted and repell'd 
for ſome time; and ſometimes they were repellid from the Tube as 
they were coming towards it, even before they had touch'd it, and alſo 
came back from the Stand towards the Tube without having touch'd 
the Stand, jumping backwards and forwards with great Swiftneſs. 
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| | EXPERIMENT 2 | | 
HAvix tied a Down Feather to the Top of a wooden Broach or 


— S$kewer of about ſix or ſeven Inches in Height, and fix d epright upon a 


Foot; when you bring the excited Tube near it, all the Fibres of the 
Feather ſtretch out towards the Tube; but as ſoon as you remove the 
Tube, the Fibres of the Feather turn back and ſtick ſtrongly to the 
Skewer. If you bring your Finger near to the Feather while its Fibres 
are tending towards the Tube, being attracted by it, the Finger will re- 
pel them; but as ſoon as you remove the Tube, they are attracted by the 
Finger. If you cover the Feather with a Glaſs Recipient (ſuch as are 
uſed on the Air-Pump) that is very dry, the Tube vill attract the Fea- 
ther in the ſame manner thro' the Glaſs: and this happens even when 
the Recipent has been exhauſted of its Air by the Pump. Whea the 
Tube is rubb'd near the Recipient, whether it be full of Air or empty, 
the Fibres of the Feather follow the Motion of the Hand along the Tube, 
riſing and falling upon the Broach or Skewer, <4 | 


Sen EXPERIMENT 3. 
- WitnouT making uſe of the Tube, if you rub the Recipient that 
covers the Feather with both Hands, the Fibres of the Feather will ſtretch 
themſelves out towards the Glaſs like the Rays of a Sphere. If you rub 
but with one Hand, the Fibres will ſtretch themſelves towards that Part 
of the Glaſs which is rubb'd: and then when you blow againſt the Glaſs, 


thoſe Fibres will be repell'd notwithſtanding the Interpoſition of the 


Glaſs: which happens alſo when you ſtrike the Air with the Hand to- 
wards the Feather without touching the Recipient. 


ExXPERIMENT 4. | 

AFTER the Tube has been rubb'd, if any Aſſiſtant lets go a Down 
Feather in the Air at the Diſtance of a Foot or two from the Tube, the 
Feather will jump towards the Tube with an accelerated Motion, and 
adhere to it for ſome time ; and then of a ſudden it will be repell'd from 
the Tube, and will fly about in the Air in ſuch manner, that the nearer 
you bring the Tube to it, the more it will be repell'd, till it has touch'd 
ſome other Body; and then it will be drawn again by the Tube; which 
after ſome time will drive it away again. Sometimes when the Finger 
is held at eight or ten Inches from the Tube, the Feather will jump 
from the Tube to the Finger, and from the Finger to the Tube thirty 
or forty times together, | 15 


* 


F EXPERIMENT 5 


Ir a String of any kind be ſtretch'd horizontally, and from that String Lect. X. 


you hang a Thread of Silk about three Feet long and very dry, and to 
the lower End of that Thread you faſten a Down Feather; then at the 
Diſtance of about two or three Feet hang up another Feather, but by a 
flaxen Thread; the rubb'd Tube being brought near will attract the firſt 
Feather, which, when it has adher'd to it a little while, will fly from 
the Tube, and then be repell'd by it every time the Tube is brought 


near, till it has touch'd ſome other Body, as in the Fourth Experiment; 


and then it will be attracted anew. But the Feather which is ſuſpended 
by the flaxen Thread will always be attracted at the Approach of the 
Tube, and never repell'd. N. B. If you wet the filken Thread, the Fra- 
ther hanging at it will be repell'd no more, but always attracted by the 
Tube, 


EXPERIMENT 6. 1 1 
Wurx the excited Tube is brought near your Face, you will feel 
the electrick Efluvia like ſmall Hairs which will ſtrike et Eyes and 


Cheeks, draw the Hairs of your Eye-brows, and make a ſmall crackling 
Noiſe, | | 


ExPERIMENT 7 Wee, 

Ir you make uſe of a Tube which is hermetically ſeal'd at one End, 
and has at the other End a Braſs Ferril with a Screw, by which Means 
you may Pump out the Air from it: If you rub the Tube after you 
have exhauſted the Air, it does not attract any more, nor give any Light 
outwardly ; but it gives much more Light within. Then if, by open- 
ing the Cock alittle Way which is faſtened to the Tube, you let in the 
Air flowly whilſt you rub the Tube, the Light diminiſhes, and being in- 
ferrupted by the Air as it comes in, looks like Lightning at a Diſtance, 
till all the Air is come in, and then there is no more Light within; but 
the Light goes all to the Outſide, and the Attraction returns. 


. | ExPpERIM ENT 8. e 

Ir upon the Stand mention d in the Firſt Experiment you ſet up edge- 
wile two little Boards about nine Inches long, fix Inches wide, and three 
quarters of an Inch thick (two ſmall Octavo Books will do as well) paral- 
lel to each other, and about the Diſtance of ten Inches aſunder; little 
Pieces of Leaf-Gold or Braſslaid upon the Stand between thoſe Boards, will 
not be attracted by the rubb'd Tube held near them, till it be brought quite 
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Lect. X. between the faid Nous, as near to the Stand as half Fig Diſtance of the 
L—=— Boards from each other: that is, when, the Tube is ſo held that a Circle 


deſerib d round the Axis of the, Tube with the Diſtance that is between 
that Axis and the Stand, 


paſſes between the Boards or Boaks without 

touching them. But when the rubb d Tube being held horizontally. at 
the Diſtance of a Foot from the Stand, ſeems to have no Virtue, becauſe 
the Leaf-Gold. has no Motion; if an Aſſiſtant ſnatches away the Boards 
all, on a ſudden, the Pieces of Gold will be attracted and repell d n 


d without giving any new Friction to the Tube. 


ExPERIMENT g 
Wurz the Air is very dry, and the rubb d Tube can attract the Leaf. 
Gold laid on a ſmall Stand, to the Diſtance of three Feet or beyond; 


if the fame Leaf-Gold be laid upon a Table or any large Surface, you 


muſt bring the excited Tube very near before it can produce it Effect. 


EXPERIMENT 10. 

Wurx the Air is moiſt, the fourth Experiment does not ſucceed well; 
for after the Feather in the Air has been ſome Time driven about by the . 
Tube, it comes back of itſelf to. the Tube without having touch d any 
other Body ; and ſometimes after having adhered to the e Tube towards 
the Middle of it, it flies off of it and comes again immediately to the 
Tube, ſticking to that Part of it which is fartheſt from the Hand. It hap- 

” alſo, when it is very dry and the Tube-repels the Feather, (after 

ag attracted it) to the Diſtance of two or 347 that if you 
er | ie Top of the Tube at the End for the Length of fix or ſeven In- 
ches, the Feather will come and flick to that End of the Tube without 


W touch d any other Body. 


EXPERIMENT II. 

Hav fillb'd with Water a ſmall Drinking-Glaſs of about an loch 
Diameter, When you brin os =_y d Tube near it, the Water riſes in a 
little Hill accumulated at e of the Glaſs, ſometimes jumping to- 
wards the Tube in a little 8. o ſmall that you can hardly ſee it, tho 
you may find the Tube wholly wet with it. One may alſo obſerve that 
this. accymulated Water riſes in the Shape of a ſmall Cone whoſe Axis is 
ſometimes ſtretch 'd out horizontally towards the Tube, then ſnaps and 
falls down. again flat upon the reſt of the Water. If this Experiment be 


made in n k, a Flaſh of Kren accompapies the ſnapping. 
Ex- 
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ExPEINME NMT 12. 


lr by Means of an artificial Fountain (in which Air is oondens d upon Leck. X. 


the Water to make it ſpout) you play a ſmall Jet of about the goth 
an Inch Diameter, upwards ot downwards: the rubb'd Tube being 
brought near, the Jet will bend towards the Tube at the Diftance of a 
Foot; and if the Tube be brooght nearer, the Jet being wholly drawn 
away by the Tube, is chang'd into a Dew _ the Tube, ſo that it ad- 
heres to the Tube in little Drops, provided the Jet be not made to ſpout 
with too much Force. - OT | 

Here follow ſome remarkable Effect of Electricity communicated o 
Bodies which are Non- electricks per ſe. | | 1 


ExXPERIMBNT 13. | 

Having ftretch'd horizontally a Packthread or hempen String to the 
Length of about twelve hundred Feet, at the End of which was ſuſ- 
pended an Ivory Ball of about an Inch and an half in Diameter; this 
Ball has drawn and repell'd Leaf-Braſs or Leaf-Gold when the rubb'd 
Tube has been brought near the other End of the String: the Thread of 
Trial being alſo brought near to the ſaid Ball was attracted by it. 

N. B. All the Supporters of this String muſt be Hlectricks per ie, whe- 
ther they be Hair-Ropes, Frddle-Strings, or Cat-gnts,' Ribbont, Strings 
of Silk, Glaſs Tubes, long Bodies of Sulphur or of Refin, &c. and all thoſe 
Bodies very dry. We ſhall hereafter call the non- electtick Body, which 
being ſtretch'd out in Length, receives the communicated Electricity, the 
Conductor of Electricity; and the Bodies on which it reſts, or from 
which it is ſuſpended, the Supporters of the Conductor of Electricity. 

-— EXPERIMENT 14. 

Ir you wet the Conductor of Electricity, the Experiment will ſucceed 
the better; but you muſt take Care not to wet the Supporters: for if the 
leaſt of the Supporters, for Example the firſt, be wet, it becomes a Non- 
electric, and thereby condutts the Electricity that comes to it to the 
Body which it touches, aad from thence to thè Ground, where it is loſt, 
not ſuffering it to go any farther upon the Conductor. If you examine 
the Supporters by bringing the Thread of Trial near them, you will find 

them to be electrick about five.or fix Inches on each Side of the Con- 
ductor, more or leſs as the Air is more or leſs moiſt ; the Supporters being 
. it were ſaturated with the communicated Electticity in a little Space near 
the Conductor. | 
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Let. X. 


ExPERIMENT IF. 

Ir inſtead of ſtretching the Conductor at. length, you carry it back- 
wards and forwards upon the Supporter ſeveral times in parallel Lines, 
provided thoſe Lines be diſtant enough from each other, (for Example, 
about three Feet diſtant) the communicated Electricity will run as far 
backwards and forwards as if the String had gone ſtrait on, and will 
give as much Virtue to the Ball at the End of the Conductor. 


Hh | EXPERIMENT 16. | , 
Ix the Conductor is ſtretch'd out in the Form of a Star, the electrical 
Virtue will be perceiv'd at all the Points of it. For Example, if the Con- 
ductor be ſtretch d from the firſt Supporter about forty Feet in length, 
and then divided into five Branches of twenty Feet long each, ſeparated 
from each other in the manner of a Star, with a Ball at the End of each 
String or Point; when you bring the rubb'd Tube near the Beginning of 
the Conductor, you will find by Threads of Trial that all the Balls have 
receiv'd the Electricity at the ſame time. | 


EXPERIMENT 17. 


Havi ſupported, or ſuſpended by electrick Bodies, an Iron Bar 
nine Feet long, which had three Branches pointed at the End at the 
Diſtance of two Feet from each other, the Electricity communicated 
from the Tube at the other End, was felt at the ſame time by the Cheeks 
of three Perſons which-brought their Faces near the three Points, by a 


ſnapping Noiſe, a Pricking, and a Flaſh of Light ſeen in the Dark. 


EXPERIMENT 18. 


| Havine ſuſpended a Man horizontally (as in 5 ſwimming Poſture) 


by two Hair Ropes, that Man becomes a Conductor of Electricity. That 
which he receiv'd by the Approach of the rubb'd Tube brought near 
the Soles of his Feet, made him ſtrongly attract the Thread of Trial 
and Leaf-Braſs with his Head and his Hands; and likewiſe with his Feet, 
but very weakly. But when the Tube is brought near his Head, then 
his Feet attract very ſtrongly. Then if the Man (when the rubb d 
Tube is brought back to his Feet) holds out his Finger near the Face of 
any Perſon ſtanding by, a Flaſh of Light will fly from the Finger, a 
ſnapping Noiſe will be heard, and both the Man and his Finger, and the 
Aſſiſtant on his Cheek will feel a Pricking at the fame time. In the 
fame manner, if any one moves the Hand croſs-wiſe near the Arms or 


Legs, of the Perſon ſuſpended, they will both feel the ſame . 


A Cuunſe o Experimental Philoſophy. 325 

and if one puts an Iron Bar near the Perſon ſuſpended, he will hear the Lect. X. 
Snapping, and feel the Pricking. What is remarkable, is, that if the 
Man hanging horizontally has on a Cloth Coat that is quite dry, you will 

feel no Pricking when you paſs your Fingers near the Coat, and the 

Thread of Trial will be but weakly attracted by it, nay ſometimes not 

at all, "1 

N. B. Any other Animal ſuſpended will produce the ſame Effect. 


"EXPERIMENT 19. | 


Tax Electricity receiv'd by the Conductor advances from one End of 
it to the other in a kind of cylindrick Vortex, as may be ſeen by the fol- 
lowing Experiment. Having carried a Packthread Conductor of Elec- 
tricity thro' the Middle of a wooden Hoop fix d vertically upon an open 
Glaſs Cylindrick Recipient, its Plane being at Right- Angles with the 
Packthread: when you bring the rubb'd'Tubenearto one End of the Pack- 
thread, not only the Ball at its other End becomes electrick, but alſo the 
whole Circle or Hoop, tho' fix Feet diſtant from the Ball; for the ſaid 
Hoop attracts the Thread of Trial by all its Parts. FLA 


. EXPERIMENT 20. : 
Havinc ſuſpended the afore-deſcrib'd artificial Fountain, by Fiddle- 
Strings, and having open'd its Cock to make its Jet play, horizontally, 
or obliquely, or vertically upwards or downwards; if the rubb'd Tube be 
brought near the Body of the Fountain, the Electricity will be communi- 
cated to the whole Jet, which will then in every Part of it attract the 
Thread of Trial; the Jet becoming then a Conductor of Electricity. 


EXPERIMENT 21. 


Ir you ſuſpend two or three Iron Bars in the ſame horizontal Line, N | 
at the Diſtance of fix Inches from one another, the Electricity commu- | | 
nicated by the rubb'd Tube to the End of one of the Bars will go on | F 


from the one to the other quite to the End of the laſt Bar, where a 
Pricking will be felt, a Noiſe heard, and a'Flaſh of Fire ſeen. ' If the 
Air is dry, the Electricity will jump from one Bar to another at a greater 
Diſtance; but in moiſt Weather the Bars muſt not hang above an Inch \ 
diſtant from each other. | | wy ; 


WASEEDS wa & 


ExXPERIMENT 22. ous 
HavinG by a Fiddle-ſtring ſuſpended a Bough of a Tree which had 
about four or five hundred Leaves, upon the Approach of the rubb'd 
Tube all the Leaves attracted the Thread of Trial. bog 
retch 


— 


Left, X. ſtretch dia Rope from that) Bough to another ſuſpended in the fame 
manner at the Diſtance. of thirty Feet from the firſt: the Tube brought 


v 5 \ - 7 
* 7 7 , | Rin 
r . * | 


to one of the Boughs gave Electricity equally to the two. Afterwards 
ſubſtituting a very ſmall flaxen Thread, inſtead of the Rope, from one 
Bough to the other; the Elctraity was communicated as ealily, 43 
before. l | is is 


EXPERIMENT 23. : 

Wurm a ſmall String of white Silk of about the ſame Size as the 
flaxen Thread, was ſtretch'd from one Bough to the other, the Blectri- 
city communicated to one Bough did not go to the other: but having 
wet the Silk, it conducted the Electricity to the other Bough as well as 
the ſlaxen Threadae. bh N ct 

EXPERIMENT 24. 4 

Having mix'd Bees-Wax with about eight times its Quantity of 
Refin, to hinder it from being ' brittle, and having melted and caſt the 
whole in a round Mould of about ten Inches Diameter and three Inches 
deep, ſpreading from the Bottom upwards, a Cake was made which 
when cold appear'd to be a Body electrick per /e. This Cake being 


warm d, rubb'd, or patted with the Hand, attracts the Thread of Trial; 


and ſometimes does the ſame without any thing being done to it, but ex- 
poling it to the Air. If you ſet this Cake on the Ground, and a Man 
ſtands upon it, ſtretching out his Arms horizontally, when the rubb d 
Tube is applied to one of his Hands the whole Body of the Man will be 


impregnated with Electricity; but that Virtue will be moſt ſenſible at 


that Part which is moſt diſtant from the Tube, which is the Man's op- 
poſite Hand; to which if an Aſſiſtant bring his Face near, he will feel 
the Pricking, fee the Flaſh of Fire, and hear the Snapping ; the Man, 
render d electrical, feeling, ſeeing, and hearing the ſame. If another 
Man ſtanding upon another Cake of Reſin (or a Cake made of Sulphur, 
or any other Subſtance that is electrick per ſe) at a Diſtance, as for Ex- 
ample, at thirty Feet from the firſt Man, holds in his Hand the End of 
a Packthread, ot any other non - electrical Stting, of which the firſt Man 
holds the other End; the Electricity communicated to the firſt Man by 
the Application of the rubb'd Tube, will be communicated to the ſe- 
cond, who makes it be felt by thoſe that come near his Hand that is 
moſt diſtant from the Tube. But if the leaſt flaxen Thread falls from 
the Packthread, or from the Clothes of either of the Men, ſo as to touch 
the Ground, the Electricity will not go beyond that Thread: but run- 
ning down in that Place along the Thread, is loſt upon the Ground 485 


* 


> 
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the Parth: If fifty Men ſtand upon as many electrical Cakes, eommu- Lect. X. 
nicating one with another by their Hands, or by any Non- electricks, tbe 


laſt will be ftrongly impregnated with the Electrieity that the rubb d 
Tube gives to the firft. ee Capri Ty 

N. B. Tuts has been tryd with a dozen Men; and it is not known 
how far this communicated Electricity may be carried. | 

ELECTRICKS per ſe, whilft they are in a State of Electricity, can re- 
ceive no communicated Electricity (or receive but very little of it at their 
Ends) from the Fube or other Electricks per ſe excited; and cannot 
then becomes Conductors of Electricity: but it is eaſy to change them 
into Non- electricks, and then they will become Conductors of 'Elec- 
tricity like others. | ino 2004 1.950; 0 


The following ExrxRINHENTS fhew how Electricts per fe become Non- 
E elefricks, A oh 

Ha viv ſufpended horizontally - dry Silks a Glaf-Tube fix or 
eight Feet long, alſo very dry, at the End of which is faſten d an Ivory- 
Ball, you cannot give that Ball any Electricity by applying the rubb'd- 
Tube to the other End of the ſuſpended Tube: but as ſoon as you wet 
the ſuſpended Fube from one End to the other with a Spunge, that 
Tube conducts the Electricity, and the Ivory-Ball attracts. | 


0,5 LEE e a | 
As it has been ſhewn that communicated Hegele as it is conducted, 
jumps from one non- electrick Body to another; it is not neceſſary that 
the Moiſture of the ſuſpended Tube ſhould be continuous: for after the 
Tube has been welFdried, if you ſuſpend it ane, and find that it cannot 
receive or conduct any more Electricity, you need but to blow thro” it 
with your Mouth, and the Moiffure of your Breath will render it non- 
electrick, whereby it will again receive and conduct Electricity, the 
Ivory-Balt acting upon ſmall Bodies as before. Sometimes the changing 
of Bodies from electrick into non- electriek happens only by the changing 
of the Condition of the Air, when from being dry it becomes moiſt. 


ExXPERIMENT 26. 

Hava ftretch'd a Packthread Conductor of Electricity to a Length 
of twenty Feet, upon three electrical Supporters, of which the Middle 
one was a Stick of Sealing wax, the Electricity receiv'd from the rubb d 
Tube applied to one End of the Conductor, appear d at the Ball ſuſpended 
at the other End: hut when inſtead of the Ball the Stick of Wax that 
had = uſed as a Supporter was ſuſpended at the End of the _ — 

Threa 


— * 


1 0 e hs r . 

Left. X. Thread of Trial has not been attracted by this ſuſpended Wax, except 

◻ • ̃t its upper End joining to the Packthread; but upon wetting the Wax, it 
attracted the Thread of Trial ſtrongly in all its Length. Then replacing 

the Ball, and reſtoring the wet Wax to its Place where it was before a 
Supporter of the Conductor of Electricity, the communicated Electri- 
city was ſtopp'd at the Wax, and would go no farther till the Wax was: 
dried. by &> She PT OF. I AUSIS TA I Ain, in and Arn 

THERE are Bodies which one would take for Non- electricks per ſe 
becaule every time they are ſuſpended by electrick Bodies, they receive 
(and become Conductors of) the Electricity communicated by the ex- 
cited Tube: but if you dry them well at the Fire; and rub them very 
much, they may be made electrick. Theſe Bodies, and thoſe which 
from being ſtrongly electrick are become non-electrick by Moiſture, will 

indeed receive Electricity from the:rubb'd Tube, and conduct it to their 
Ends, but in leſs Quantity, and do not accumulate it ſo ſtrongly as the 
.Non-eleQticks per e. This is the Reaſon that we ſee leſs Light at the 
End of a wooden Bar than at the End of an Iron one; and that we 
hardly feel any pricking at the End of the firſt, tho' both have receiy'd 
their Electricity from the ſame Tube. | gy 


* 


* 


Ir has been thought that Animal Subſtances were eſectrick, and Ve- 
getable Subſtances were not; becauſe thoſe that made the Experiments 
have generally ſucceeded in making uſe of Animal Subſtances for Sup- 
porters, and Vegetable Subſtances for Conductors of Electricity; but 
what is true in that Suppoſition, is only, that becauſe Silks, Fiddle- 
ſtrings, Strings of Woollen, or Hair, are very dry Subſtances; and Ve- 
etables are uſually moiſt.” For if you wet thoſe Animal-Subſtances, 
they all become non- electrick, and can no more ſerve as Supports for the 
Conductors of Electricity, but will receive it when communicated, and 
conduct it. Likewiſe, when the Packthread which is uſually made uſe 
of to conduct Electricity very far, has been rubb d over with Glue, and 
is very dry, it receives Electricity no longer, till you wet it to make it 
become non- electrick. A Man, or any other Animal upon a Cake of 
Reſin, or ſuſpended. by Strings of Hair or Silk, is always non- electrick; 
but is only ſo becauſe © always has Moiſture ; for when his Clothes are 
dry, they are electrick per ſe, and therefore do not ſnap. See the 1805 
Experiment. | | IST IN © WANTS 
Wut we conſider the different Circumſtances of Teveral Electrical 
Experiments, there ſeems to be a ſort of Capriciouſneſs, or ſomething un- 
accountable in thoſe Phænomena, not to — reduced to any Rule. For 
ſometimes an Experiment which has been made ſometimes ſuceſſively, 
all at once will fail; or have a quite contrary Succeſs, tho the 1 
| | . ſtances 
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ſtances ſeem to be the ſame. But I hope that the Concluſions which I Leck. X. 


have drawn from the Conſideration of ſeveral principal Experiments, are 


ſo general, that they will ſerve as Rules to explain all the Oddneſs which 
ſeems to accompany the electrical Experiments, and to foretel certainly 
all that muſt happen in the Approaches and Combinations of Bodies in 
reſpect of Electricity excited, or receiv'd by Communication, Before we 
give Examples of the Explication of the moſt remarkable Phenomena, 
we muſt make mention of ſome Experiments, from which, among 
others, are deduc'd two other general Propoſitions to be added to what 
I have ſaid of Electricks per ſe, and of Non- electricks per /e ; and of the 
manner that the one and the other acquire or loſe Electricity. 


_  ExPERIMENT 27. 

Hav ſuſpended horizontally by two filken Threads, about four 
Feetlong each, a ſmall Glaſs-Tube very dry and alittle rubb'd ; if you 
apply to it long-wiſe the =_ rubb'd Tube, it will repel the little 
Tube till its Silks become inclin'd to the Horizon from being perpendi- 
cular before. Then having wet the little Tube, when you bring the 
great rubb'd Tube near it, it is attracted by the great Tube till its Silks 
are remov'd from the Perpendicular inclining near to the great Tube. 
From this Experiment, and many others of the ſame kind, may be con- 
cluded, that Bodies which are electrick per ſe, being excited to Electri- 
city, repel all other Bodies that have Electricity; but attract them 
ſoon as they have loſt their Electricity, and ſo vice verſd. 


ExPERIMENT 28 , 

Havixe ſuſpended a Down Feather by a filken Thread, as in the 
fifth Experiment, ' Sealing-wax well rubb'd produces the ſame Effect as 
the Tube, but more weakly, drawing the Feather; and when once it is 
ſeparated from the Wax, the Wax repels it continually, till the Feather 
has touch'd ſome other Body. But what is different here, is, that when 
the Feather is in a State of Repulſion in reſpect of the Wax, the rubb'd 
Tube attracts it; and when the Tube has given the Feather its repulſive 
State, then the rubb'd Wax attracts it: which ſhews that the Electricity 
of Glaſs is different from the Electricity of Wax. The late A/ 4 


Faye, Intendant of the King of France's Gardens at Paris, was the firſt - 


that obſerv'd that there are two forts of Electricity; and in a Memorre 
where he ſpoke of it, he ſhew'd the Way of finding what kind of Elec- 
tricity belongs to any electrick Body whatever. 
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- To ſhew the Uſefulneſs of theſe Rales, Laws, or Principles of Elec. 


2 tricity, we will make Uſe of them to wt 0 che * ee et 


ſome Experiments: as, for Example, | 

1 Wur don't we feel a pricking-on the Ejey, tha dhe prubbed 
Tube is brought near to the Face; ſince the Ends: of the Finger of a 
Man made electrick, or of an Iron-Bar made electrick, makes the Face 
that is brought near it feel a very ſenſible pricking ? + 

Anſtwer. Brcavse . the electrical Efluvia coming from the Tube to 
the Face, are only thoſe which come from that Part of the Tube which 
zs brought near the Face; whereas the Bar gives accumulated Effluvia af 

the Electricity which it has receiy'd from all its Length, and from the 
Toe at ſeveral Applications. 

War is the Reaſon that the Feather which, having been at- 
wage by the Tube, is ſeparated fro: n it, and ante always ropel d Wl it 
has touch'd another Body? * 

Anſier. Bre Aus Electricks * one W „ which! Reafon 
the Feather, as ſoon as it has been impregnated with the Electricity of the 
Tube, is driven from it; which continues as long as the Feather 
its Electricity, which it loſes as ſoon as it has touch d another Body; 
then being again become non. electrick, the Tube attracts it anew z thus 
alter nately teceiving and lofing Electricity, it jumps ſeveral glee: from 
the Tube to the Finger and — again Se Experiment. 4 5 


35. WrarT is the Reaſon Why this does not Mar ahen we Air I 
moiſt ? 
Anſwer. Becavsr the Feather being become electrical, a the 
moiſt Particles that ſwim in the Air, and thereby loſing its Electricity, 
is again attracted by the Tube. The Tube alſo 2 which has 
been the leuſt rubb d loſes its Electricity :by-the: moiſt Particles which ft 
draws out of the Air, and becoming non-electrick in that Place (as it 
bappens when it is made wet on purpoſe) draws the Feather before it 
has loſt its Electricity. 

4. Wur rer comes it that a Conductor 0 Electricity does ſome- 
times, without changing any thing, Joſcits Mirtue, and cenſe to-conduct 
\Elefriciy, tho' you continue to rub the Tube atlone of its Ends? 

Anſwer. Becaust' ſome one of the Supports of the Conductor has 
imbib'd the Moiſture of the Air, by which it is become non - electrick. 
This has happen d to me in making Uſe of along Piece of Hat by Way of 

Support, one Day that the Weather was moiſt. This Liſt of Hat, hav- 
ing been warm'd, ſupported the Conductor welb and effectuaiy W butän 
half an Hour having imbib'd * Moiſture from the Air, it 0 = 

urſe 
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Courſe of the Electricity. When we make Uſe of Glaſs- Tubes for our 
Supportets. this happens ſometimes if the Air be very moiſt. 

co, Wutnce does it happen that the Feather on the Skewer or 
Broach of Experiment 2. ſtretches out its Fibres, ſeparating them from 
each other by the Attraction of the Tube, and that the Finger repels 
them when the Tube is brought near to the Feather, but attracts them 
when the Tube is remov'd ? - © .  SOU 1 

Anſiber. Tax Fibres of the Feather extend like the Rays of a Sphere, 
becauſe being become electrick they repel one another. The Finger re- 
pels them becauſe it receives Electricity from the Tube; but when the 
Tube is remov'd, the Finger loſes its Electricity, and then it draws the 
Feather, which is {tilt electrical. 5 | 

6. WHrzNCE does it happen that in the eighth and ninth Experi- 
ments the-rubb'd Tube attracts the Pieces of Leaf- Gold or Braſs mach 
farther, when they are laid upon an inſilated Stand, than when they 
are laid upon a Table, or when they are ſhut up on two Sides upon the 
Stand by Books or Boards ſet edge-wiſe. 

Anfwer. BECcAvusE the electrical Effluvia flying off from the Tube 
return again in_a Circle towards it, and carry with them all the little 
non- Gectrick Bodies which they meet in their way at their Return; but 
if thoſe non- electrick Bodies ate too heavy to be brought towards the 
Tube, the electrical Effluvia adhering to them, and fliding along thoſe 
Bodies, loſe themſelves when the Bodies are not #»/#/ated, or terminated 
by Electricks: but when they are, the Electricity or electrick Effluvia 
accumulate at the Ends of thoſe Bodies which are the fartheſt from the 
Tube. N. B. The Tube attracts the Feather when it is cover d with a 
Glaſs Recipient, becauſe the electrical Emanations like Light (of «which 
they ſcem to participate) eafily penetrate electrick Bodies which do not bin- 
der their Circulation. IE: 75 . 
For want of, having eftabliſh'd Rules (that is, Principles deJuc'd from 
Experiments) by which one may explain che moſt odd Phenomena, 
Pcople have imagin'd ſeveral Properties to belong to the Electricity of ſome 
Bodies, which at laſt Experience has difprov'd. As for Example, That 
Bodies of different Colours receiv'd more or leſs Electricity; which hap- 
pen d only becauſe when the Experiment was firſt try'd, ſome happen'd 
to be more or lefs, moiſt than others. It has alſo been thought by ſome, 
that ſmall electrick Bodies ſuſpended by a fine Thread circulated round 
2 Ball of Iron laid upon a Cake of Reſin, after the manner of the Planets 
round the Sun; which only happen'd becauſe the Man that made the 
Experiment had a great Mind that the Thing ſhould be fo, and commu- 
cated that Motion to the little Body ſuſpended without knowing that 
Uu2 he 
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Lect. X. he did it: for this did not happen to any other Perſon that held the 
Thread and pendulous Body without the ſame Inclination, The ſame 


may be ſaid of ſeveral other Cicumſtances which are not worth men- 
tioning. _ 4 0 

T _ U GH T have not endeavour'd to gueſs at the Cauſe of Electricity, 
or its Uſe in the phyſical World ; not having Phenomena to eſtabliſh them 
ſufficiently, I hope to have fatisfy'd the Gentlemen of the Academy as 
to what they can expect upon this Subject, in giving Rules or Principles 
to explain or account for the electrical Experiments that have been made 
hitherto, and perhaps ſuch as may be made hereafter. 

Ver if Conjectures are defir'd, here follow ſome: 

I SuPPosE Particles of. pure Air to be electrick Bodies always in a State 
of Electricity, and that vitrecus Electricity. Hole 

1/, Becavse Particles of Air repel one another without touching, as 
has been deduc'd from Experiments and: Obſervations. Ky 

2dly, BEcavse when the Air is dry, the Glaſs Tube rubb'd (or only 
warm'd) throws out its Efiuvia, which the Air drives back to the Tube; 
from whence they dart out anew, and ſo move backwards and forwards 
with a vibratory Motion, which continues their Electricity. TN 

3dly, Becausz the Feather made electrick by the Tube, and darted 
from it, keeps its Electricity a long time in dry Air; whereas when the 
Air is moiſt, the moiſt Particles which are non-electrick, floating in the 
Air, and being attracted by the Feather, adhere to it, and ſoon make it 
loſe its Electricity; which alſo happens even to the Tube in a little 
tume. 19908 1 7 45 

FRoM this Conſideration it will be eaſy to account for a famous Expe- 
timent of the late Mr. Haukſbee, which is this: 1 

Havixs pump'd out all the Air from a Glaſs Globe, he cauſed it to 
turn on it; Axis very ſwiftly by means of a Rope with a Wheel and 
Pulley; then rubbing the Glaſs with his Hand during its Motion, there 
appeared a great Jeal of Light of a purple Colour within the Globe, 
without any Light or Attraction obſerv'd- on the Outfide of the Glaſs, 
which is obſerv'd when the Air has not been pump'd out. Then turning 
the Cock ſo as to re- admit the Air gently into the Globe during its Motion, 
the Light was broken and interrupted, diminiſhing gradually, till at laſt 
it appear'd only on the Outſide of the Glaſs, where it was accompanied 
with Attraction. Does it not appear to be, that at firſt the external Air, 
by its Electricity, drives back the electrick Effluvia of the Glaſs, which go 
then to the Inſide of the Globe, where there is the leaſt Reſiſtance ? For 
we obſerve that as the Air comes in, it repels the electrick Effluvia, that 


go inwards no longer when all the Air is come in. If the Fact my 
5 - * 


* 
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the Experiment ſhows, is not my Conjecture prov'd, vis. that the Air ts 
Electrical? 1 | 18 

In the Reverend and Learned Dr. Hales's Vegetable Staticks, ſeveral 
of his E «periments ſhew, that Air is abſorb d, and loſes its Elaſticity by 
the Mixture of ſulphureous Vapours, ſo that four Quarts of Air in a Glaſs 
Veſſel will, by the Mixture of thoſe Effluvia, be reduc'd to three. Will 
not this Phænomenon be explain'd by the different Electricity of Sulphur 
and Air? The Effluvia of Sulphur being electrick repel one another: 
and the Particles of Air being alſo electrick, do likewiſe repel each other. 
But the Air being electrical of a vitreous Electricity, and Sulphur of a re- 
ſinous Electricity, the Particles of Air attract thoſe of Sulphur, and the 
Moleculæ compounded of them becoming non-electrick loſe their repul- 
five Force. | - 

IT has for a great while been thought that watery Vapours that riſe in 
the Air to form Clouds, uſed to riſe, becauſe the Water which is of itſelf 
ſpecifically heavier than Air, (being form'd into little hallow Spherules or 
Bubbles fill'd with an Aura, or thinner Air than the ambient Air) in this 
new State made a Fluid of little Shells ſpecifically lighter than the am- 
bient Air in which it muſt riſe like Smoke ; but Philoſophers are no 
longer of that Opinion; and ſuch as have implicitely come into it, may 
find it refuted in the Philoſophical Tranſactions, Numb. 407. 

No w may not this Phænomenon of the Riſe of Vapours depend upon 
Electricity in the following manner? 

Tux Air which floats at Top of the Surface of the Water is electrical, 
and ſo much the more as the Weather is hotter. Now in the ſame manner 
as ſmall Particles of Water jump towards the electrick Tube, may not 
theſe Particles jump towards the Particles of Air which have much more 
ſpecifick Gravity than very ſmall Particles of Water, and adhere to them ? 
Then the Air in Motion having carried off the Particles of Water, and 
driving them away as ſoon as it has made them electrical, they repel one 
another, and alſo the Particles of Air. This is the Reaſon that a cubic 
Inch of Vapour is lighter than a cubic Inch of Air; which would not 
happen if the Particles of Vapour were only catried off in the Interſtices 
of Air, becauſe then a cubic Inch of Air loaded with Vapour would be 
made ſpecifically heavier than an Inch of dry Air; which is contrary to 
Experiments, which ſhew us by the Barometer, that Air which is moiſt 
or full of Vapours, is always lighter than dry Air. 


Concerning 
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Lect. xXx. Concerning the ſeveral AuTrors who have treated of 
A ELECTRICTHT:Y. | 


Txz Electricity of Amber, precious Stones, and ſome few other Bo- 
dies, was known long ago, and has been mentioned by ſeveral Authors, 
ſuch as Gaſſendus, Gilbert, Digby, Sir Thomas Broten, and many others; 
but as what has been ſaid by many Authors that have written long ago, 
has been repeated by others, I ſhall not mention ſeveral that have ſpoken 
ſuperficially on the Subject, and written about it when but few electrical 
Phznomena were known. | | 
Tur firſt worth mentioning particularly is Mr. Boyle, in whoſe Books 
you will find an Account of ſeveral Phænomena of Electricity. See Dr, 
Shaw's Abridgement, Vol. I. from Page 397, to Page 510. | 

THe next was Mr. Francis Hatwijoee, F. R. S. who made a great many 
new Experiments on the Electricity of Glaſs, Amber, Sealing-Wax, and 
ſeveral other Subſtances, and their Production of Light upon their Attri- 
tion in the Dark; whether in vacuo, or in the open Air. See his Book 
of Phyſico- Mechanical Experiments, printed at London in the Year 1709; 
from Page 17, to Page 69,——From Page 109, to Page 127.—And 
from Page 131, to 139. | 

AFTERWARDS Mc. Stephen Gray made ſeveral new and ſurprizing 
electrical Experiments, and purſued his Enquiries and Experiments for 
ſeveral Years till he died inthe Year 1736: An Account of which may 
be found in the Philoſophical Tranſactions, Ne 366. N' 417. Ne 422, 
43 1. N' 436. N' 439. Ne 441. N' 444+ R's 

Mons. Da Faye alſo made ſeveral new and curious Experiments upon 
this Subject, to be met with in the Hi/tory and Memoirs of the Royel 
Academy of Sciences at Paris, for the Years 1733, 1734, and 1735; and 
in our Philofophicel Tranſattions of London, in a Letter that he wrote to 
his Grace the Duke of Richmond, N* 4.41. acht cls has adons 

Srvr RAL Perſons in their Philoſophical Works have quoted ſome of 
theſe Experiments, but none ſo fully as that ingenious and accurate Phi- 
loſopher Petrus van Muſchenbroek, Proſeſſor of Experimental Philoſephy 
and Mathematicks at Leyden ; who has written a whole Chapter about it 
in his E/lays de Phyſique, &c. imprimes a Leyden chez Samuel Luchtmane, 
1739. See the 17th Chapter of his firſt Volume, from Page 254, to 
Page 272 ; where he gives a very particular Account of moſt of the elec- 
trical Experiments made within theſe twenty Years, till the Time that he 
writes ; except ſuch as has not been made, or had not been publiſhed 
before that time, * 

H 
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Tur reſt of the electrical Experiments made ſince Mr. Stephen Gray's Lect. X. 
Death were made by Granvil Wheeler Eſq; mentioned in the Philgſpbi - 
cal Tranſactions N 2 53; and by myſelf N* 454. and Ne 462; beſides 
ſome others, which J lately ſhewed the Royal Society: An Account of 
which is not yet publiſhed, but will be in the Tranſactions this Winter. 
Indeed a few electrical Experiments, made by Mr. Gray and myſelf 
many Years ago, are mentioned in the ' Firſt Volume of my Courſe of 
Experimental Philoſophy, from Page 17, to Page 21. | 


A LETTER fem Pręſdent B AR ROT, Ge. to 
Dr. DESAGULIERS, &c. | 


© A MoNnsIEUR, 


© Mons1EUR le Docteur Deſaguliers, Chaplain de Son Alteſſe Royale le 
Prince de Galles, Membre de la Societe Royale de Lonates. 


ALONDRES. 
HBordeaux, 3 Aouſt 1742. 


© MonSIEUR, Wn 
1 I vous apprends avec bien de la joye que Academie de Bordeaux 
vient de donner le Prix à la Diſſertation que vous luy aves En- 22 
voyce ſur lElectticitè, ce qui a pour deviſe, Sero ſabiumt Phryges. Cet 7 


— Lg — * * 


avantage eſt d'autant plus flateur que vous lavẽs remportè ſur en tres * 
grand Nombre de Rivaux. ä i 
* Comme ce Prix conſiſte en une Medaille d'Or, je vous prie de char- . 


ger quelqu'un a Bordeaux de la recevoir en votre Nom & d'en donner 1 
une quittance valable. Je ſuis ravy Monſieur d'etre le premieria vous 
proclamer vainqueur, Jauray Thonneur de vous envoyer des Exem- 
plaires de votre Diſſertation deſqu elle ſera imprimee. je ne doute pas 
que le Public ne la liſe avec le meme gout que nous avons Couronnèe. 
Vous Vaves accoutume depuis long- temps a recevoir tous vos Ouvrages 
avec applaudiſſement. Jay Vhonneur d' etre avec une parfaite Eſtime & 
un Attachment reſpectueux, | | HKD £v 


1 * * * * LY - - 


Mods tEUR, 
Votre tres humble & tres-obeifſaut Serviteur 
BAR BOT. 
Mox 


A Courſe of Experimental Philoſophy. 
Mom addreſſe eſt a Mr. le Preſident BAR Bs Or, Secretaire per- 


* petuel de Academie de Bordeaux, ſur les fofſes du Chapeau Rouge, à 
Bordeaux. 
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A Dissxr Arion on the Cauſe of the Riſe of Vabeurs and Exhalation 
in the Air. By J. T. D. LL. D. F. R. S. &c. 


HE Difficulty of the Problem concerning Vapours (or moiſt Exha- 

| lations) ſeems to conſiſt in this; that fince Water is a Fluid 8 or 

9g hundred times heavier than Air, and conſequently takes its Place under 
the Air, when thoſe two Fluids are free, how comes it to paſs that Wa- 
ter ſhould ſo expand itſelf as to become another Fluid lighter than the 
Air which is neareſt tothe Earth, in which it riſes, and that this new Fluid 
having different ſpecifick Gravities remains ſuſpended at different Heights 
in the Air, according to the Air's different Denfities, changing its Place 
with the Air, and-its Height as the Air changes its Denſity: and yet 
this Fluid does not ceaſe to be Water ; as may be ſeen by the Formation 
of Rain when the Particles of Vapour or of this new Fluid reunite and 
fall upon the Earth, or run down the Sides af Mountains, which they 
meet in their Motion, and by ſtriking againſt them are brought nearer 

together ſo as to be reunited into Water. 

As to what relates to Exhalations (which I beg leave to call dry Va- 
pours, or Emanations without Moiſture) there is leſs difficulty to explain 
their Riſe, whoſe Cauſe is pretty near, tho' not abſolutely, the ſame, as 
that of the Riſe of watery Vapours. | 

In order to explain the Phænomena of Nature, we muſt admit no 
Cauſes but ſuch as really exiſt, and which are ſufficient to produce the 
Effects aſcribed to them : for without this, however ingenious an Hypo- 
theſis may be; he that makes it, has but only ſhewn how Nature may 
have operated, but not how it has really acted. 

Tno' we ſhould be ignorant of the Cauſe of the Cauſes whoſe Effects 
we explain, we ſhould not reaſon the leſs juſtly, provided theſe laſt 
Cauſes do actually exiſt : and it has been an unfair Objection _ the 
Newtonian Philoſophers to ſay, that they wanted to readmit the occult 
Qualities of the Ancients, long exploded, by ſpeaking of Attractions and 
Repulfions : becauſe thoſe are not really occult Qualities; but viſible and 
evident Qualities, (tho' their Cauſes be occult) which produce their Ef- 
- fects regularly. oe: | A 


r 
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An Explication of the Principles that ve ſhall make uſe of in our. Diſſer- 
| tation, with the Proof of tbeir Exiſtence. | 


1. Tur Particles of Water have a repulſive Quality of immenſe 
r . won ea git | 
TH1s is prov'd, becauſe all the Experiments that have been tried to 
compreſs Water into a leſs Bulk, have never been able to do it. Among 
other things, a Sphere of Silver has been fill'd with Water, and the Hole 
ſcrewed up; then this Sphere has been powerfully: compreſs d with En- 
vines to make it loſe its ſpherical Figure, thereby to diminiſhi its Contents, 
and ſo condenſe the Water: but the Water, inſtead of yielding to this 
Compreſſion, oo d out thro! the Pores of the Silver in the Form of Dew. 
It is not ſor want of Interſtices or Room to retire, that Water can't be 
compreſs d; becauſe the Diſſolution of Salts in Water ſhews the contrary. 
If you diſſolve in Water as much Sea- ſalt as it will keep melted, you 
may aſterwards diſſolve Salt-petre in it; and when it can diſſolve no 
more Salt-petre, it will again diſſolve Sea- ſalt to a certain Degree; and 
then Salt-petre, again; and afterwards Sea-ſalt, Sc. I made theſe Ex- 
periments till the ſpecifick Gravity of the Water was increas'd'to a 
Quarter; that is, till it became a Quarter denſer, ot heavier without chang- 
ing its Bulk. Thus the Waters of the Salt- Works, tho very — 
are very denſe at (Droitwich in Morceſtebſbire a Quart of the Water of 
the Salt-Springs yields half a Pound of Salt, the Brine weighing 2 /b. 
and a, whereas a Quart of freſh Water weighs but 2 /. 

ALL the Liquors which have Water for their Baſis; are endowed with 
this repellent Quality. Mercury has alſo this repulfive/Force, if an Ex- 
periment be true which has been related to me by Perſons of Credit 
(tho' I have not tried it myſelf), which is, that Gold being amalga- 
mated or diffolved in Mercury, increaſes the ſpecifick Gravity of the 


Mercury. | 


Even Metals when they are in Fuſion; are incompreſſible by this Pro- 
petty. We have a remarkable Example of it in Copper, which receives 
Tin into its Pores; ſo- as to make the Metal compounded of theſe two 
ſpecifically heavier than Copper, tho much hammer d; and tho' the 
Tin that is mix'd with it be ſpecifically lighter than Copper. 
2. To this repulſive Force, whoſe Sphere of Activity extends but a 
little way (perhaps not beyond: the Surface of the conſtituent Particles of 
Water) ſacceeds an attractive Force, that we ſhall call Attratfon of Co- 
Vin, which begins where the other ends, and confines its Extent. 


— 
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Particles of Water join'd together form Drops till a certain Bigneſs, with - 
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IT is by this Attraction of Coheſion, which acts in a Sphere, that the 


out the Sphere of Repulſion above · mentioned. | 
IT cannot be ſaid we have done wrong to give a Name to this Ad- 


heſion, ſince it is obſerv d actually to exiſt. 


Ir is owing to this Coheſion that Water riſes in capillary Tubes, that 
Liquors riſe in the Inſide of Drinking-Glaſſes which are not full, and 
that in Vines and Creepers the Sap riſes with Force ſufficient to cleave 
the heavy Stones of a Building, between which they thruſt their Shoots, 
This Force has been found ſufficient to burſt a Gun-Barrel by driving 
into dried Peaſe or Beans with which the Barrel had been fill'd, the Wa- 
ter that was put in along with them, having fix'd between the Jams of 
a Door, the Gun-Barrel fo fill'd, to keep in the Peaſe. See the Rev. 
Dr. Hales's Vegetable Staticks. | 

In reſpe& of Water the Attraction of Coheſion does not extend farther 
than about r of an Inch round, the biggeſt Drops of Water not being 
above + of an Inch in Diameter; tho' in reſpect of ſolid Bodies to which 
Water adheres, the - Coheſion of Water goes farther 3; Water being 
more attracted by other Bodies than by itſelf. Mercury. is alſo en- 
dow'd with the Attraction of Coheſion ; but in a different manner from 
Water; becauſe Mercury attracting Mercury more than it does Water, 
does not rife in capillary Tubes; but on the contrary, when you P 
down into a Glaſs Veſſel of Mercury a ſmall capillary Tube or g of an 
Inch under the Surface of it, (provided the Bore of this capillary Tube 
be not above the 40th of an Inch) the Mercury will lie lower in the 
Tube, than the Surface of the Mercury in the Veſſel, being attracted out 
of the Tube by the Mercury below it. | Mog 

I T is alſo by this Attraction of Coheſion that Mercury adheres to all 
Metals, except Iron. Nh, % 20m! ER 

3. Wurd the Particles of Water are ſeparated by any Cauſe what- 
ever that puts them into Motion, the Attraction of Coheſion yields by 
little and little, and acts no longer at a Diſtance fomething ſenſible ; and 
then a ſecond repellent Force may ſucceed to the Attraction of Coheſion; 
and the Particles acquire a Force, (which in this Caſe we ſhall call centri- 


Fugal) by which they repel each other, and fly off even to very great 


_ Diſtances, oftentimes taking up 14 thouſand times more Space than when 


they where join'd in Water. This will happen by the Action of that De- 

gree of Heat which makes Water boil ; the Water being then chang'd 

into a Vapour, whoſe Elaſticity is equal to that of the Air, whilſt its 

Denſity is 16 times leſs than the Denſity of the Air. This has been 

prov'd by thoſe that haye examin'd the Operations of the Engine ow 
| u 
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uſe of in 
Wur Fire produces the Effect which I have mention'd-on the Wa- 
ter, the Heat is that of boiling Water; but when you increaſe the Fire, 
the centrifugal Force of the Particles of the Vapour or Steam is alfo 
increas'd, ſo as to give the Steam a ens ſeven or eight times greater 
than that of Air; as 1 have often made the Experiment. 

4. T x1s fluid Vapour,” (which is not a dilated Air ſeparated from 
Water, as has been ſhewn by a very ſenſible Experiment: See Philgſopb. 
Tranſat. Ne 407. but is entirely made up of Particles of Water) owing 


its centrifugal Force entirely to the Heat, loſes it by Degrees, as the Heat 


diminiſhes; and when the Heat of the Vapour or Steam is ſo abated as 
not to exceed the Heat of the external Air; this Fluid, which acted fo 
ſtrongly by its Spring, loſes it entirely, its great Bulk diminiſhes, its Parts 
come together again, and it becomes Water, as it was at firſt, This is 
evident by the working of the Fire-Engine; for when the Steam of the 
boiling Water has been let into the great Cylinder to raiſe the Piſton 
moving in it againſt the whole Weight of the Atmoſphere, and it has 
produc'd its Effect; a Jet of cold Water is let in among the Steam, 
which deſtroying its Heat, makes itloſe its Spring; and immediately its 
Particles which have loſt their centrifugal Force come together again, 
and adhereing by the Attraction of Coheſion, fall to the Bottom of the 
Cylinder in the true Form of Water, leaving the reſt of the Cylinder 
empty of Air, and of Steam or Vapour : and this Operation is perform d 
14 or 15 times in a Minute. kn n 

5. To ſhew yet another way that the Bulk of Vapours diminiſhes, as 
the Heat abates, we need only obſerve the Smoak which goes out of the 
Top of the Chimneys in foul Weather, when the Air is light, (as the 
Mercury falling in the Barometer ſhews it.) Then you ſee the Smoak 
(which is only a moiſt Vapour driven from the Woodor Coal by the Fire) 
deſcends again as ſoon as it is come out of the Funnel of the Chimney, 
inſtead of riſing, as it does when the Air isſerene and heavy. The reaſon 
of this is, that whilſt the Vapour was in the Funnel of the Chimney, it 
kept its State of Rarefaction by the Heat which remain'd in the Funnel, 
and roſe in the Air, having leſs ſpecifick Gravity than the Air; but that 
Heat not being continued beyond the Funnel, the Vapour loſes of its 
Bulk, and becoming ſpecifically heavier than the Air, deſcends in it, 
and returns towards the Earth. | 

6. Art is a Fluid, whoſe Parts are endow'd with a centrifugal Force, 
whereby they repel each other without touching. | 

X x 2 | TAKE 
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England to drain Mines, by raifing Water with the Force of Lect. X. 
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Lect. X. TAKE a Glaſs Tube of about Inch Bore, and fix Feet long, which 
H being recurv'd at the End, riſes perpendicularly and parallel to the longeſt 
| Leg to the Height of about one Foot and two Inches. The End of this 
Mort Leg muſt be ſeal d hermetically, and that of the long Leg open d. 

Pour Mercury into this Tube till it riſes up two Inches in each Leg, and 

you'll find that the Air contain'd and ſhut up in the lowet Leg will be a 

Foot high. Pouring in more; Mercury into the long Leg, till it comes 

up to the Height of 30 Inches, the Air in the ſhort Leg will be con- 


N | dens'd into a Space of, fix Inches, and follow'd by the Mercury, which 
1 will riſe up to that Height, If you pour Kill, more Mercury into the 
* Tube to the Height of 30 Inches more, (in all 60 Inches) the Air will 


4 retire into a Space of four Inches, the third Part of the Space which it 
ö took up before it was compreſs d by any. Height of Mercury. 


» * 


| | Ir you incline the Tube ſo that the Column of Mercury of 60 Inches 
4 may not have its upper End above 30 Inches perpendicular higher than 


which compreſſes it, acting only according to its perpendicular Height. 


= the Air ſhut up in the ſhort Leg of the Tube, the Air will dilate itſelf 
i N into a Space of ſix Inches, proportional to the Action of the Mercury 


* From this it follows, that the Denſity of the Air is proportional to the 
wo. Force that compreſſes it: and Sir Iſaac Newton has demonſtrated, that a 
4 Fluid thus condition'd conſiſts of Parts that have a centrifugal Force; 
that is, which repel each other from their reſpective Centers. Sir Jſace 
Newton has alſo made Experiments, from which, it, follows, that the 
Particles of Air do not touch one another; for having ſhewn that Fluids 
have two kind of Reſiſtances, the one according to the Quantity of 
Matter which a Solid moving in a Fluid has to diſplace, (which Re- 
ſiſtance is proportional to the Square of the Velocity, of the Solid) and 
the other, which proceeds from the Tenacity of the Fluid, (that is, of 
the Parts which are entangled one in another, and which alſo in touch- 
ing attract each other) which Reſiſtance is as the Velocity itſelf; he has 
found by many Experiments of blown Bladders falling in the Air from an 
Height of 272 Feet, that Air had not this laſt Reſiſtance, the Reſiſtance 
of the Air at every Experiment being only as the Square of the Velocity. 
See Newton's Princ. Math. Lib. 2. Sect. 7. | 
7. Tun Atmoſphere or Air which incloſes our Earth, is a Com- 
pound of ſeveral kinds of Vapours and Exhalations, that come out of 
ſeveral ſolid and fluid Bodies, and continue to be ſuſpended and float about 
in the Air, no longer than the centrifugal Force of their Parts continues; 
for every compreſlible Fluid that loſes the centrifugal Force of its Parts, 
(and conſequently its Elaſticity), ceaſes to be a Fluid, and becomes 3 
Solid; | | 
> | I 


I CALL pure or permamem Air, that Part of the Atmoſphere whoſe Lect. X. 
Particles have naturally a centrifugal Force, which is ſupported or ſuſ- — 
tain'd by no Agent on which its Augmentation or Diminution depends. 
This Property of the Particles of the Air extends uniſormly from the 
Earth to the greateſt Height the Air is ſenſible at, and gives the Air its 
Spring, which is always of the ſame Strength where the Air's Denſity is 
the ſame; for the Spring of the Air only increaſes with its Denſity, 
which depends upon its Compreſſion. Hence it happens that the Air 

which is neareſt to the Earth is the moſt denſe, and has the greateſt 
Spring, becauſe it is compreſs d by all the ſuperior Air; and in receding 
from the Earth, the Air's Denſity or ſpecifick Gravity diminiſhes, as it 
has leſs ſuperior Air to comprels it. 

YET we mult obſerve here, that in warm Weather (and eſpecially in 
thoſe Countries where the Soil is very dry) the Air is not denſeſt next to 
the Ground; becauſe the Heat cf the Sun reflected from the Surface of 
the Earth acts upon the Air to a certain Height, which makes the heated 
Air receive an Increaſe of centrifugal Force, whereby its Parts repellin 
each other more ſtrongly, it increaſes its Rarefaction ſo as to ſuſtain, the 
ſuperior Air as ſtrongly as if it was more denſe, during the time that the 
Heat continues to act: ſo that the denſeſt Part of the Air will then be 
above the Surface of the Earth at the cold Region of the Air, where the 
Heat ceaſes to act. 

Ir you ſhut up ſome of this Air in a Veſſel, having try'd its Spring 
and ſpecifick Gravity; you will find after ſeveral. Years, that it keeps 
thoſe Properties entire; and even if it be condens'd in a Wind-gun, we 
ſhall find that it has loſt nothing of its Spring after a conliderable time ; 
for it has been found in the ſame Condition after 16 Years. 

Tur Vapours and Exhalations that float in the Air do not extend 
themſelves upwards like pure Air; but form Clouds which-remain in the 
Air ſuſpended at different Heights according to their different ſpecifick 
Gravities, which depend upon the different Cauſes which have given or 
reſtor'd the centrifugal Force to their Particles. Theſe Clouds keeping 
ſtill the ſame Denſity, are carried about here and there by the Winds 
without changing their: Height, whilſt the ambient Air that ſuſtains 
them keeps the ſame ſpecifick Gravity ; but when that Air becomes more 
denſe by the Accumulation of ſuperior Air, the Clouds riſe up till they 
come to the Place where the Air has the ſame, and no greater ſpecifick 
Gravity than the Clouds : then if a Part of the ſuperior Air being carried 
oft, the Air about the Clouds rarefies or dilates itſelf, as it is freed from 
Part of the Weight that it ſuſtain'd, the Clouds deſcend again down to 
the Place of their Aquilibrium, which they find where the Air is of thg 


ſame 
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Lect. X. ſame ſpecifick Gravity with them: and all this may happen without 
WAS Ran, whoſe Formation we ſhall conſider hereafter. 542 
38. Tur is a ſurpriſing Paradox in Nature; which is, that the ſame 
Particles which have a centrifugal Force by which they repel one another, 
have at the ſame time a great Force of Attaction in reſpect of other Par- 
ticles, which other Particles repelling each other make a Fluid of another 
kind. This Attraction bf Coheſion, whether from one Fluid to another, 
or from Fluids to Solids, does very much exceed mechanical Forces or 
Preſſions. This is prov'd by many chemical Experiments. For Exam- 
ple, Liquors which could not be compreſs'd by any Force apply'd out- 
wardly, are chang'd into'Solids by the Mixture of other Liquors: Metals 
that reſiſt ſtrongly, and keep their Tenacity under, great Strokes of 
Hammers, loſe it entirely, and are diſſolvd by the Attraction of acid 
Spirits. | * 
4 Wur Fire, or a very great Heat, acts powerfully enough upon 
Sulphur to overcome the Attraction of Coheſion which holds together its 
tineſt Parts, thoſe Parts ſeparate, and repelling each other become ſulphu- 
reous Exhalations, which (tho they repel each other with Force enough 
to make a very light Fluid which riſes very high, even where the Air is 
extremely rare) yet have an attractive Force in reſpect of the Air, by 
which they often deſtroy the repellent Force of the Air, loſing at the 
ſame time their own mutual repellent Force. By this means are form d 
little Lumps or Moleculz having no Elaſticity, which fall to the Earth, 
having loſt the repellent Force which made them fluid, either conſider d 
as Air, or as ſulphureous Exhalations. The Reverend and Learned Dr. 
Hales has made ſeveral- Experiments by burning Brimſtone Matches in 
Recipients full of Air, and the ſulphureous Effluvia have commonly ab- 
ſorb'd a Quarter of the Air contain'd in thoſe Veſſels. The atrial Parti- 
cles thus joined to the ſulphureous Particles will ſometimes produce Mo- 
leculz ſo big that they can no longer go into the ſmall Veſicles of the 
Lungs, and by that means become unfit for Reſpiration. This perhaps 
is the reaſon why People have been ſuddenly kill'd by Lightening, with- 
out receiving any Wound, the Air becoming ſuddenly pernicious for 
Reſpiration, by the Mixture of a ſubtil Sulphur, 

Tur moſt pure and permanent Air, which Moiſture and Dryneſs can 
change no otherwiſe than by increaſing or diminiſhing its Denfity, loſes 
all its Elaſticity by theſe ſulphureous Exhalations ; and there are alſo ſe- 
veral Bodies which attract the Air ſo ſtrongly, that it loſes its Elaſticity, 
and becomes a kind of Cement, which holds together the Parts of the 
Bodies to which it adheres. Dr. Hales ſays of thoſe Bodies, that they 
@b/orb Air, This fix d Air thus join'd to Bodies ſometimes ſeparates _ 
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4 Courſe of Experimental Philophy.-. 
them by Fermentation, and then he ſays that they generare Air. There 
are ſeveral Bodies which contain much Air, whoſe Elaſticity is unactive, 
being overcome by a ſtronger Attraction; but in diſtilling thoſe Bodies, 


the Air extricates itſelf from them by the Force of Fire. This Air does 


no way differ from common Air, having all its Properties. 

10. Wurd Air attracts moiſt Vapours, whoſe Particles adhere to 
thoſe of the Air, it only loſes its Elaſticity in part; and at laſt it diſen- 
gages itſelf from thoſe watery Particles, which it repels after having at- 
trated them, and then they repel each other, having, as it were, re- 
ceiv'd their repellent Virtue from the Air. This Property of the Air is 
what I call its Electricity. 4 | 

11. To prove that Air is electrical, I muſt here mention ſome elec- 
trical Experiments, out of a great many that have been made in France, 
England, and Holland, &c. 

WHEN it is very dry Weather, whether in Summer or Winter, if 
we rub with a dry Hand a Glaſs Tube of an Inch and 4 Diameter, and 
about two or three Feet long; a Down Feather let looſe in the Air is 
drawn by the Tube, and comes to it with an accelerated Motion ; and 
having ſtuck to the Tube a little while, it is repell'd again from it with 
great Force, and floats in the Air, being driven about by the Tube, 
which eannot be brought near the Feather till after ſome ſolid Body (not 
electrical) has been brought to the Feather; which is immediately at- 
tracted by it, and then it returns again to the Tube that attracts it a- new, 
and preſently repels it again. Thus the Feather jumps ſeveral times from 
the Tube to the other Body, and from the Body to the Tube alternately. 
But if inſtead of the ſaid Body you hold towards the Feather another 
Tube rubb'd like the firſt, it drives away the Feather without touching 
it, and the two Tubes repel it equally. Pa Hel! 

WHEN two Perſons make the Experiment with two Feathers, when 
each of the Feathers has been attracted by its Tube, and repell'd from it, 
theſe Feathers repel each other, whether they be ſet a-floating in the 
Air, or ſuſpended by two very dry filken Threads. But if one of the 
ſuſpended Feathers has not been touch'd by the Tube, and the other has, 
this laſt will go towards the firſt, attracting, and being attracted by it. 

Tursr Experiments do not ſucceed in moiſt Weather; for then the 
Feather having been driven away by the Tube into the Air, is again at- 
tracted by it after a little time, and ſometimes falls to the Ground wholly 


inactive. Rubbing the Tube a- new to excite its Electricity a-freſh, - 


which is weaken d, the Feather may be repell'd ; but that Virtue laſts 
but a little while. | 
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Lect. x. By theſe Experiments, and a great many others, we ſee that eleclirick 
1 Bodies (whether they be ſo naturally, or whether they are become elec- 
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trick by Reception of Electricity from another Body) repel one another 
all the time that they keep their Electricity. * 
Wur the Air is very dry, very little Friction excites a Glaſs Tube to 
Electricity, and the Virtue laſts a great while; becauſe the electrical E- 
manations being repell'd by the Air, return to the. Tube, and from the 
Tube fly back into the Air, making a great many Vibrations. After the 
ſame manner alſo the Down Feather, when the Tube has made it elec- 
trick, is repell'd by the Air, and keeps its Electricity a great while. 
Whereas when the Air is moiſt (for ſometimes the Air is loaded with 
Humidity, even to half its Bulk, and fometimes it is perfectly dry) the 
Feather being become electrical by the Action of the Tube, attracts the 
Particles of Vapour which float in the Air, and in a little time loſes its 
Electricity; which is the reaſon that the Tube attracts it a- new, as if it 
had touch'd ſome! other viſible Body. 2 | 

Tr Particles of Water are attracted by electrick Bodies, not only 
when they are ſeparated from each other in the Form of Vapours ; but 
they are even drawn off from a ſmall Jet d'Eau at a Diſtance ſenſible 
enough; nay, they are ſometimes ſeparated from the reſt of the Water in 
a Veſſel full of it, (when you bring near the Water a Glaſs Tube excited 
to Electricity) by a Force greater than the Coheſion of the Particles, be- 
cauſe it overcomes it without any Aſſiſtance of Heat; fince the Exfeti- 
ment ſucceeds very well when it freezes har e. 

12. WE have now a ſufficient Number of Facts and Obſervations upon 
Experiments, to deduce from thence the Explication of the propos'd Phæ- 
nomena ; that is, to ſhew in what manner the Vapours and Exhalations 
riſe in the Air. But before we begin, it will not be amiſs to take off the 
Prejudice in Favour of an Opinion commonly receiy'd by a great many 
Philoſophers, otherwiſe: very ingenious Men. 

13. Tux imagine that watery Vapours conſiſt of an Aſſemblage of 
ſmall Bubbles of Water, each of which, is ſpecifically lighter than Air; 
becauſe tho' the Skin which forms each Bubble be heavier, than an equal 
Bulk of Air, they ſuppoſe. that the Inſide of, the Bubble is fill'd with an 
Aura or Air much more rarefy'd than the external. Air, and that thus 
the Thinn eſs of what is in the Bubble making Amends, for the Weight ot 
its outward Skin, little Spherules are form'd, each of them lighter than 

an equal Bulk of Air; and that thus the Vapours riſe by hydroſtatical 

Laws, like the Bubbles of ſoap'd Water blown by Children, which float 
a conſiderable time in the Air. But it is not enough to ſuppoſe ſuch 


Bubbles which might rife in the Air, if they did exiſt: one —— 
100 
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ſhew by what Mechaniſm they may be produc'd. When People blow Lect. X. 
up Balls of ſoapd Water, the Air of the Lungs which ſwells up thoſe SW 


Spheres being warm' d, is always lighter than the external Air, fo that 
when thoſe Balls are thin enough, they may very well ſwim in the Air, 
and even riſe in it: but as ſoon as the Air of the Balls is cool'd as much 
as the outward Air, thoſe Bubbles of ſoap'd Water never fail of falling 
to the Ground. The Reſemblance of Bubbles of ſoap'd Water to the 
imaginary Bubbles of Vapour, is all the Foundation of this Hypotheſis ; 
but a mechanical Explication of the Production of the Bubbles of Vapour 
ſhould be given. The Maintainers of it ſhould tell us how the Air which 
reſts upon the Water ſeparates itſelf into two Parts, the one very warm, 
and the other cold; and ſhew how the warm Air blows up the Particles 
of Water into Bubbles, whilſt the reſt of the Air being cold acts out- 
wardly, and deſcending with-more Force than the Bubbles, cauſes them 
to riſe, The Abſurdity of this Suppoſition is ſo plain, that it is not ne- 
ceſſary to ſay any more about it by way of Confutation. | 
n ERE follows the Manner in which I think the Vapours are 
rais d. 

14. ConSIDERING the Particles of Water to be ſpherical, (which the 
Particles of all Fluids are ſuppoſed to be) it is certain that thoſe that form 
the Surface of the Seas, Rivers, and Lakes, &c. touch one another in 
fewer Points than thoſe which are below the Surface, and conſequently. 
that their mutual Coheſion being weaker, it is eaſier to ſeparate them 
from one another, than thoſe which are below the Surface. So that the 
lame Degree of Heat which might act within the Water without ſepa- 
rating its Particles, is capable of ſeparating them when it acts upon the 
Surface: but for the Evaporation there is more requir'd than a bare Se- 
partion ; there muſt be a mutual repellent Force: for without that, the 
Vapour, tho' rais'd by the Motion, would not remain in its State of a 
Fluid ſpecifically lighter than Air to riſe yet higher, and form Clouds; 
but the Particles would re-unite ; and, being reduc'd to Water, fall to 
the Earth, or into the Water from whence they have been ſeparated : 
tor in the Receiver or Cylinder of the Engine to raiſe Water by Fire, this 
happens when an Injection of cold Water is made among the Steam or 
Vapour ; that injected Water being no colder than the outward Air: and 
yet it diminiſhes ſo much the Heat which ſuſtained the centrifugal Force 
of the Particles of Water, as to hin ler them from repelling one another; 
but on the contrary they come to attract one another. And this would 
happen to the Particles of Water which riſe in Vapour in the open Air, 
it Heat was the only Agent. But the Air which cannot enter into the 

Vor. II. 1 Cylinder 
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Lect. X. Cylinder of the Fire-Engine, acts here, drawing to it all the ſmall Pars 
— àücles of Water by its Electricity, which joining to the Particles of Air 
are carried off by the Air. The Air by Degrees communicates Electricity 
to the watery Particles, which it repels again as ſoon as they are become 
electrical; and then thoſe Particles repel each other (as all electrick Bo- 
dies do) and form a Fluid which being lighter than Air riſes in the 
Air, where it continues at different Heights according to its ſpecifick 
Gravity, and that of the Air in which it is incloſed, whoſe Denſity is 
1 to the Quantity of the ſuperior Air by which it is com- 
reſſed. | ET 
: Tursz Vapours keep their repellent Force a long time, and loſe it 
only by great Shocks which happen to them by a precepitated Fall, when 
there is a great and ſudden Diminution in the Denſity of the Air in the 
Place where they are; and that falling by an accelerated Motion, they 
find a great Reſiſtance to their Deſcent in proportion to the Square of 
their Velocity in the Air : becauſe the inferior Air in that Caſe ſtriking or 
puſhing the Clouds upwards, their Particles are brought near enough for 
the Attaction of Coheſion to take place, ſo as to make them join again 
into Drops of Water, I faid precipitated. Fall, becauſe when the Den- 
ſity of the Air in which the Clouds float is but a little diminiſh'd, ſo that 
they have but a little Way to deſcend to come to their Aquil:brium, they 
deſcend without producing Rain; as may be obſerv'd when the Mercury 
in the Barometer falls but ſlowly. | 
15. As to Exhalations, (or dry Vapours) it is not neceſſary that they 
ſhould receive Electricity in order to have a repellent Force; becauſe it 
commonly appears that they are electrick of themſelves. When we rub 
Sulphur, Amber, Reſin, Sealing-Wax, &c. or Glaſs and precious Stones, 
electrical Effluvia's fly out of them. Thus alfo Particles that are ſepa- 
rated from Vegetables, Animal Bodies, Minerals, and even from Metals, 
by Diſtillation, Fermentation, Putrefaction, or the Action of acid Spitits, 
repel one another immediately and riſe in the Air, having ib much the 
more repellent Force, as they had attractive Force in the ſolid Bodies 
trom whence they came before their Separation. ; 
16. Tuis therefore is our Syſtem concerning the Riſe of Vapouts and 
Exhalations. But leſt it ſhould not appear to all our Readers to be fut- 
ficiently eſtabliſhed, we thall relate two remarkable Experiments from 
the Rev. Dr. Hales above-mention'd, which confirm what we have ſaid, 
concerning the Action of the Electricity of Air. As Gun- powder is com- 
monly dried by the Heat of a Plate of Iron made red-hot ; Dr. Hates 
has found out a Way lefs dangerous, which has dried the Powder as = 
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He has made common Air (without heating it firſt) to go thro'a certain Lect. X. 
Quantity of Gun- powder; and the Powder by that means has been dried 
as effectually, as it is at any time by the hot Plate of Iron. He has like- 
wiſe made an Experiment with Hops, driving freſh Air thro' a great 
Quantity of them, by which means they were as well dried as if they 
had been dried in a Kiln, as they uſually are. Theſe two Experiments 
ſhew that Air carries away along with it the Moifture of Bodies : and as 
theſe Experiments were made in Summer, when the Air is found to have 
no Moiſture ; it follows that the Air which attracted the watery Va- 
pours of the Powder and of the Hops, threw them off again in a little 
time, and thoſe Vapours becoming a Fluid of its kind, turn'd to Clouds 
that riſe very high when the Air is dry and heavy. 

17. For a further Confirmation of our Opinion, one may obſerve, 
that wet Linnen, and all moiſt Bodies dry ſooner, and Ponds and Veſſels 
of Water evaporate more, in windy, than in calm Weather, tho' it be 
much hotter when there is no Wind; becauſe the Air which is next to 
the wet Bodies, and the Surface of the Waters does not remain long in 
the ſame Place, but drawing aqueous Particles by its Elaſticity, carries 
them off, giving place to other Air, which ſucceeds it very quick ; and 
by that means the Evaporation is more abundant ; without taking no- 
tice of what is obſery'd by all the World, viz. That two Hours of 


Wind dry dirty Streets more than two Days of fair Weather without 
Wind, 
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To end this Diſſertation, we ſhall anſwer ſome Difficulties and Ob- 

ections, which might be made againſt our Syſtem, 5 
I. Ir it be aſked, why the Vapour of boiling Water or Steam, which 
having acted ſtrongly by its Spring in the Cylinder of the Engine to raiſe 
Water by Fire, is condens d again, or returns to Water by the Injection 1 
of a jet of cold Water: and yet the Steam of boiling Water in an open i" 
Place does not fall again when it is riſen up the Height of ſome Feet in 
the Air, where the ambient Air is at leaſt as cold as the Jet of cold 
Water which has condens'd the Steam in the Cylinder of the Engine? 
We anſwer, that the Steam or Vapour of the Water boiling in a Place 
expos d to the open Air, does indeed acquire a centrifugal Force in its 
Particles, which it loſes again when it has riſen ſome Feet by the Action 
of the ambient Air; but then the Air by its Electricity draws thoſe wa- 
tery Particles, which being ſeparated from one another are in a better Si- 
tuation to yield to the electrical Attraction of the Air, and to receive an 
electrical Virtue by Communication, which they do in an Inſtant, and 
2 deing 
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Lett. X. being immediately thrown off from the Particles of the Air, the repellent 
◻cÆH Force of the Electricity ſucceeding to the repellent Force that they had 


receivd before from the Action of the Fire, they continue a long time 
a rare and elaſtick Fluid, forming Clouds and riſing till they come to their 
Place of Æguilibrium in the Ar. Whereas in the Fire-Engine, where 
the Air does not come in among the Steam (nay, there is even a Contri- 
vance with a Valve to diſchage the Air which comes in with the Water 
at each Jet, call'd by the Workmen 7he fniſting Clack) when the Steam 
or Vapour has left its Heat it condenſes again into Water ; which will 
happen even without making a Jet in the Cylinder, as the Cylinder and 
the contain'd Steam grows cold, tho' more ſlowly. 

2. How comes it to paſs that Air, which is 8 or, goo times ſpecifi- 
cally lighter than Water, can raiſe up great Quantities of it? Why is it 
not ſooner attracted by the Water, abſorb'd, and plung'd into its Sub- 
ſtance? To this we anſwer, that the conſtituent Particles of Air have 
more ſpecifick Gravity or Denſity than thoſe of Water. The different 
Kinds of Air which make up our Atmoſphere, come from the different 
Exhalations of ſolid Bodies, of Metals, of Minerals, of Animals and 
Vegetables, and thence proceed the different Sorts of Air. Now all the 
Bodies that produce it are ſpecifically heavier than Water, as is imme- 
diately ſeen in reſpect of all the Bodies except the LC os, which one 
would think to be ſpecifically lighter than Water, becaſe Wood ſwims 
in Water; but, if you open well the Interſtices of Wood, by boiling it, 
or keeping it long under Water, (even Cork itſelf) it becomes ſpecifically 
heavier than Water, ſo that the Particles of which the Air is compounded 
are much heavier than thoſe of which Water is compounded, which ſe- 
parate from it to become Vapour. For this Reaſon the Particles of Air 
may carry off the Particles of Vapour, without making a Compound ſpe- 
cifically heavier than Air. Beſides that, a very moderate Degree of 
Heat puts the Particles of Water in a Condition to be attracted by Air, 
ſeparating them much more from one another than it does the Particles 
of Air. It is known by Experiment, that a Degree of Heat (for Example, 
that which is ſufficient to boil Water) which changing Water into Va- 
pour, increaſes its Bulk 14 thouſand times, producing a Fluid above 16 
times rarer than Air; is not capable to increaſe the Bulk of Air above 
one third. 

3. Ir it be true (by Ne q.) that the Particles of the ſulphureous Ex- 
halations joining with thoſe of Air compound little inactive Moleculz, 
which precipitate ; whence comes it that aqueous Particles do not do the 


fame with Air? Axswxk. As the repellent Force of Exhalations and 
| | Vapours 
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vapours acts more of leſs ſtrongly; according as their Attraction was Lect. X. 
greater or leſs in the Bodies from which they ſeparated ; ſo when they 


meet wi:h Particles that they attract, they adhere with more or leſs Force 
accordingly. This is the Reaſon-why the watery Particles when they ad- 
here to the Particles of Air, have not attractive Force enough to. deſtroy 
the whole repulſive Force or Elaſticity of the Air. I was going to ſay 
Electricity; for I believe that at laſt it will be found that thoſe Terms 
are ſynonymous in reſpect of Fluids. The watery Particles are alſo 
ſmaller than the ſulphureous Particles ; for when they are join'd to the 
Particles of Air, they can eaſily enter into the Veſicles of the Lungs, 
ſince one may breathe them without much Difficulty, tho' with ſome 
Inconveniency. 

4. LASTLY, If it be aſk'd why ſhould we look for two Cauſes of the 
Elevation of Vapours ? &c. Could not one ſufficient Cauſe be found ? 
Does not Nature act always in the moſt ſimple manner ? I anſwer, 
that the Fact is ſo ; and ſecondly, that final Cauſes ſeem to require it. 
For without Heat, Air might perhaps have carried off the Vapours ; but 
they are prepar'd. by Heat, and would nat have been tranſparent. with- 
out it, as may be ſeen towards the End of Summer when the Days grow 
ſhort : whereas when it was very warm, the Sky appears of a fine blue, 
tho' the Vapours riſe in great Quantity ; for the little Corpuſcles of 
Water become inviſible, when their viſual Angles ſubtends leſs than a 
Minute of a Degree, of which the Eye is the Center. | 


P. S. I roRGor to obſerve, that it is not foreign to the preſent Pur- 
poſe to take notice here that the late Monſ. Du Fay obſerv'd, that there 
were two Sorts of Electricity, and that Bodies which are endow'd with 
one Sort of Electricity attract thoſe which are endow'd with the other 
Sort of Electaicity, whilſt they repel thoſe which have the ſame Electri- 
city. He calls the one the re/nous Electricity, and the other the vitreous 
Electricity; and the Experience of others confirms what he has aſſerted 
upon that Head. There are Phenomena relating to Vapours and Exha- 
lations, which may be explain'd by thoſe Conſiderations. As for Example, 
ſulphureous and fuliginous Exhalations, are of a reſnous Electricity; and 
the nitrous and tartarous Exhalations, as alſo the Particles of Air, have the 
1treous Electricity. Hence it comes that ſulphureous Exhalations attract- 
ing the nitrous, come together with great Force, and produce ſo great a 
Fermentation that they enflame with Lightnings and Exploſions. 

xi this means ſeveral pernicious Exhalations precipitate, or deſtroy one 
another, | | 


Ir 
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Lect. Xx. TIT happens alſo that the Air, which loſes much of its Elaſticity, and 
pbecomesinactive by the Attraction of ſulphureous Exhalations when it is 
ſhut up with them, does not loſe ſo much when it is free and moveable; 

becauſe aqueous Vapours, tho' repell'd bythe Air, are attracted by the ſul. 

phureous Exhalations, which by this means Moiſture hinders from cor. 

rupting the Air, &c. | 


depreſſa reſurgo. 


6 2 n 


4 
4 1 * _ — Mt 1 8 * * 
4 
* = —A— — 2 
* — 
= 


ANNOTATIONS upon the Tenth Lecture. 


1. [9.— Air preſſing on a Man, &c. weighs 32153 Pounds #4 
_ Ounces Avveirdupoids at a Mean.] 


Surface of the Earth, we muſt imagine it to be cover'd with Water to the Lect. X. 

Height of 33 Feet, which will give a Shell or hollow Sphere of Water 
that Thickneſs, whoſe Surface contains 201 Millions and 136 Thouſand ſquare 
Miles; for if we take the Diameter of the Earth to be in round Numbers 
$000 Miles, the Circumference will be 25142 Miles, which Numbers mul- 
tiplied by each other will give 201136000 ſquare Miles for the Surface of the l 
Earth, or of the watery Shell; for tho' the Outſide of the Shell is ſomething 
too big, the inner Surface will compenſate for it, the Diameter of the Earth 
by which we found that Surface having been taken a lictle too treat. 

Tur reaſon why People are apt to think the Air light in fair Weather, when 

it is really heavy, . is. becauſe when the Barometer is at near 31 Inches, the ad- 
ditional Weight of about 3000 Ih of Air is like a Bandage all over our Bodies, 
which renders our Fleſh firm and contracting our Blood- Veſſels, the Blood driven 
out by the Heart at every Syflole, muſt move faſter than when our Blood-Veſ- 
ſels are wider; which making our Circulation briſker, we feel light and alert, 
and fancy the Air to be lighter. Whereas in foul cloudy Weather 3000 Iþ 
Weight of Air being taken off from prefling us, our Fleſh becomes flabby, out 
Blood- Veſſels dilating by their own Spring afford a larger Paffage to the Blood | 
driven from the Heart, the Circulation becomes languid; and becauſe we feel | 
a Heavineſs, we think the Air to be heavy, and fancy it to be loaden with Va- 
pours, whereas the Vapours are lighter than an equal Bulk of clear Air. 


1 we would know how much the Preſſure of the Ait is upon. the whole Annotat, 


2. [15,———Letting in the Air at — algebraically in the Noles.] 


This is to find readily how much the Air will be rarefied by a Suſpenſion of 
ſome Mercury in a Tube. K ä 


Let the Length of the Tube A B be call'd a; 

The Height of the Mercury in the Barometer BD =4;z 

Conſequently you will have A DSA; | 

Let the Quantity of Air of the ſame Tenor as the Atmoſphere be A C = c 
Let the Space which muſt be occupied by the ſame Air, after the Mercury 
is fallen by making the Experiment, be AE d; 
la this manner the Mercury has then in the Tube the Height B E, which 
is equal toa—4, and DE is to AE - ADS A4 —-2 15. The Weight 
of that Column of Mercury D E is properly the ſame, which makes Æquili- 


brium 
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Annotat. brium with the elaſtick Force of the Air left in the Tube, whence it happens 


Lect. X. that the Air is compreſſed by that Weight. Conſequently the whole Weight 
— — 0 ·'„õof the Air BD S: is to DE=d—a+56: : as the Space taken up by the 


of the Mercury, to which it is equal, is as GN to — 
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Air at A E S d, is to that which the Air took up before at AC c. There. 
ſore when c is unknown, you find c = Ae. 7 LEE ; and if 4 be unknown, 


you have d =/bc +4aa+36b+43a—76; and if 5 be unknown, you 


3 | f | is 1 
have 5 = — or if a be unknown, you have a d + b — 7. 


[is. Mr. Orme of Aſhby, Sc.] See the Deſcription of his Barome- 
ter in the Philoſophical Tranſactions, N* 448, 


4. [20.——We muſt determine the Proportion that there is between the Difſe- 
rence of the Height of the Columns of Mercur) — done in a little Compaſs alze- 
braically in the Notes.] £ 5 


Plate 21. Fig. 15. 

Lr us call a the Diameter of the Cylinders OH and PC, and d the Dia- 
meter of the Tube CN, the Weight of the Atmoſphere will conſequently be 
VE — _ thus likewiſe we have MR RI =, The Water which 
in the lower Cylinder fills the Space LS, riſes in the Tube to the Height 


GN; conſequently, as the Square of the Diameter of the Cylinder PC, is to 
the Square of the Diameter of the Tube CN : : ſo is the Height G N, to the 


Height LS, that is aa: dd::GN: LS, therefore LS is = 5 4 which 
is alſo equal to K R. The Column RI is VK — 2 KR, and inſtead of 
K R taking its Magnitude found =, you will have RI = V K — 


4 28 8 
244GN 4 1 4 which is alſo equal to 2484GN — 5 Son The Column 
a 14 4 4 14 


4 14 

SN -L & is equal to GN — LS, for they are both together = o, be- 
cauſe S N is = LG, and GN— LS, if therefore inſtead of LS you 
ſet down the Quantity found, you will have SN - LGS GN 


— theſe Quantities muſt be placgd inſtead of the Difference found, and 
then you will have , SNA N 24/GN., SN—=LG 


| aa 14 aa aa ta BS; 
Now if this be work'd according to the uſual Rules of Algebra, you will have 
2 ——.— 5 equal to the Height of the Mercury, which repreſents 
the Difference of the Weight of the Atmoſphere, when the Water is at G, and 
afterwards at N; but the Ratio of the Height of the Water GN to the Height 
284 N＋ o 


1424 


that 


4 
* „ 
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that dividing the whole Sum by GN, and multiplying by 14 4 a, you will Annotat, 


have 14 44, to 28 dd + 49. 


. [23.——Mr. Caſwel 57 Barometer's Deſcription——and Calculation 
ſeen in the Notes. ] This being deſcrib'd in Philoſ. Tranſact. take in the Pro- 
feſſor's own Words. 


Part of a Letter from Mr. Caſwell 4ftronomy Profeſſor of Oxford, F. R. S. to 
the Rev. Mr. Flamſtead, M. R. S. S. giving an Account of a new Baroſcope, 
invented by bim, and communicated by Mr. Hodgſon, F. R. S. 


«SI R, 


Have made a new ſort of Baroſcope, tis cheap and very exact; I here 
] ſend you its Calculation, as it occurred to my Thoughts before' I made 


Lect. X. 


it. Suppoſe AB CD“ is a Bucket of Water, in it the Baroſcope x7 e z y * Plate 23. 
65m, which conſiſts of a Body x 7 5m, and a Tube ezyo; the Body and Fig. + 


< 
4 
Tube are both concave Cylinders communicating with each other, and made 
« of Tin (for want of Glaſs:) The Bottom of the Tube 2 has a Lead - weight 
« to link it, ſo that the Top of the Body muſt juſt ſwim even with the Sur- 
face of the Water by the Addition of ſome Grain-Weights on the Top. 
The Water when the Inſtrument is forced with its Mouth downwards gets 
up into the Tube to the Height y =. There is added on the Top a ſmall 
© concave Cylinder, which I call the Pipe, to diſtinguiſh it from the Bottom 
« {mall Cylinder, which I call the Tube. This Pipe is to ſuſtain the Inſtru- 
ment from ſinking to the Bottom, md is a Wire, ms, de are two Threads 
© oblique to the Surface of the Water, which Threads perform the Office of 
* Diagonals : For that while the Inſtrument ſinks more or leſs by the Altera- 
tion of the Gravity of the Air, there where the Surface of the Water cuts 
* the Thread, is formed a ſmall Bubble, which Bubble aſcends up the Thread 
* while the y of the common Baroſcope afcends. 
Tus Circumference of the Body is 21 Inches, therefore its Area.= 35: 
the Altitude mz 5 = 4, therefore the Body's Solidity = 140, each Baſe xm, 
r 5, has a Convexity, whoſe Altitude is 0.65, therefore the Conoid on each 
Bale is nearly = 114, therefore 4 the whole Body is = (140 + 114 + 
114 =) 163 and 5 the entire Altitude of the Body = (4 + 0.65 + 0.65 
=) 5-3- The inward Circumference of the Tube is 5.014, therefore its 
Area n = 2, the Length of the Tube = 4.5, therefore the Tube's Capa- 
city = 9, therefore C, the Content of the Body and Tube = 163 + g = 
172 Cubick Inches, that is almoſt 24 Quarts. 
Soros the Air's Preſſure when greateſt = 30.5 Inches of à = (30.5 
x 14 = 427 of Water, and F = 427, therefore f c 73444. Put à for 
the Depth o of the Air in the Tube when the Body is juſt all immerſed 
the Air in the Inſtrument on Immerſion contracts ſomewhat by the Cold of 
the Water: This Contrartion I find is nearly as much as would be produced 
by the Addition of 1 Inch to the Atmoſphere's Altitude 427; this in cold 
3 but in warm Weather *tis probably twice as much: but we will 
Oy 2 * now 


c 
— 
c 
4 
. 
0 
c 
C 
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Annotat. now ſuppoſe it = 1, therefore the Depth of the Surface of the Water in 
Lec. X. the Tube below the Surface of the outer Water is = & + 4, therefore the 
wn Preflure on that inner Surface is as the Altitude of the Atmoſphere above 
en =f +b+1+a=F+a(putingF=f+3+1.) 
Tue for that the Spaces into which the Air is contracted, are reciprocal 
© to their reſpective Preſſures, and for that while the Inſtrument is out of the 
Water the Preſſure F anſwered to the Space C, therefore F+a:f::C;: 
Fe 


FE = Space which the Air takes up in the Inſtrument under Water; 
Fe 


* therefore, p 3 4 S that Part of the Tube which is poſſeſs'd by Air = 
an (ſuppoſing the Tube's Area 2 n.) Therefore fe—fd—ad=Fan 


* + 4an, Therefore 24 1 F X s =L=< Put F + == 2g, there- 


Tux ſuppoſe the Atmoſphere's Gravity leſs, ſo much as to ſink the } 
e Inch = 1.4 of Water, and therefore putting @ F — 1.4, and in the 


* laſt Equation & inſtead of a, and y inſtead of g, you have « = 2 
* +479: —y. Thus J find a= 2.72, 


& = 2.94, 
n, gives .44 cubick Inches, and (ſuppoſing a Cube Inch = 253 Grains) 0.44 
* 253=111 Grains — Weight of Water that was got up into the Tube in the 
1{t Caſe more than in the 2d; and therefore the Baroſcope requires an Addi- 
tion of 111 Grains vn its Top to ſink it with the Level of the Water in the 
2d Caſe more than in the firſt, and this upon the ſinking of the & in the com- 
mon Baroſcope only e Inch. Now 1 Grain in this new Baroſcope is nearly 
as diſcernible as 4 Inch in the common; and therefore this new Baroſcope is 
more exact than the common 111 times. Put F = 427. = 172. d= 163. 
n S2 as above, only change F, put F 437.3, that is, ſuppoſe the Body ſunk 


| and therefore a — 4 = .22, which. 22 


* * 7 8 22 — ——ů nn ay —— — — — — — — — — — 5 8 
- - 2 * * * * 1 — ED 4 — 4 
2 = 4 ER. 5 2 & * - — 2 — — = — — * r —— - 
— x —— = * — R P — — — — — —— we * ; Hh —＋ 8 ** * bs _ = = — J * 
—— — — — ——- N — — — == _— — — S — + .-- . 1 A's. iS 7 2 * — - 8 7 p Senn — 
4 — — * - — 7 — N — * - A = — — — — ne L 2 —a- 2, Ap bi 2. — * 3 — — 
== = D 2 N Ss. 1 . —— — — 2 — * 3 +. - p — E —_—— - mh - . 
——ä— _— "TS . — 2 — 2 — hp £4 — , WAS. - > * £4 — IS - : h — 7 * = P — n 
o - — 8 — r a -- 4 rn S N * — <> = _ n RY _—_— _ — — 8 hes mv 
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Strictly ſpeaking, the Pipe ſhould be gradually bigger upward in order to 
ſuſtain the Inſtrument at any Depth, but as to Senſe *tis cylindrical, and its 
Circumference = 2.005. But for that the leaſt Alteration of the Air would 
make the Body's Top x n in that Caſe paſs thro? the 4 Inches (which 4 Inches 
I ſuppoſe all the Variety of Depth that the Inſtrument has Room given it 
in the Bucket to aſcend or deſcend) therefore the Pipe is made a ſmall matter 
© bigger, (viz.) its Circumference is 2.14 ; whereby the Pipe, according as the 
Body ſinks more, gives more Reſiſtance to the deſcending Body. The 
© Pipe's Area is 0.3643 : Therefore the Capacity of the Pipe in 4 Inches Alti- 


* tude is = 1.457, But as aboveſaid, to give juſtly no Reſiſtance, its 25 
ci 


| 

{, 

t " in Water 4 Inches lower; in this Caſe à = 208, therefore 4 — 4 = 0.64, 
— which multiplied into en 1.28 cubick Inches, which x 253 gives 324 
| Wl; Grains; and ſo much the Body's Top x m being ſunk 4 Inches under Water, 
Se. the Body becomes heavier, than while x mz was at the Surface of the Water. 
„ Therefore this 1.28 divided by the aforeſaid Depth 4 gives o. 32 the Arta 
| * of the Top Pipe, ſuch as would balance or buoy up the Body at any Depth. 
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city ſhould be 1.28. Therefore this 1.28 taken from 1.457, leaves. 177 Annotat. 
the actual Reſiſtance in 4 Inches Depth, viz. (o. 177 x 253 =) 44 Grains, Lect. X. 
But this Reſiſtance will not be the ſame in all Weathers, in order therefore. 
to calculate what it will be when the $ of the common Baroſcope is very 
low : For Example, but 28 Inches high = 392 of Water, f muſt be ſup- 
poſed = 392, therefore F =f + S 398.3, and the reſt as before, 
viz. d = 163, fc 67424. F d = 649229, Thence by the aforeſaid 
Equation 4 = 2.59 

4 = 2.84 
Inches, which x 253 = 126 Grains. So that this Baroſcope when the & is 
loweſt, is more exact than the common 126 times, ſuppoling the Body im- 
merſed afreſh when the & is ſo low. Next while the Þ is ſo very low, 
ſuppoſe the Top of the Body depreſſed 4 Inches under Water; therefore 
o=F + 4= 402.3, the reſt are as before, viz. f c = 67424, then à will be 
1.9 : but before, while the Top of the Body was at the Surface, a was 2.59. 
Therefore the Difference 69 „ Tube's 8 2, gives 1.38 Cube Inches, 
which x 253 gives 349 Grains; and ſo much the Baroſcope is heavier when 
the Top x m is 4 Inches under Water, or which comes to the ſame, ſuppoſ- 
ing the 8 at 28, and x at the Surface: This Baroſcope by the 's aſ- 
cending r Inch will become heavier 349 Grains. The Pipe's Capacity in 
4 Inches Altitude was 1.457, from which take the aboveſaid 1.38, the Re- 
ſidue = 077, which x 253 gives 19 Grains in 4 Inches: So that the Pipe 
will ſuſtain the Baroſcope, and alfo 44 Grains when the $ is 30; high, and 
but 19 Grains when the s is 28 high. The fewer Grains Difference there 
are in its ſinking thro? 4 Inches, the more nice the Baroſcope will be. 
* THERE where the Thread cuts the Surface of the Water, is formed a 
Bubble, therefore this Bubble, while the Inſtrument ſinks in Water 4 Inches, 
which is all the Room that I give it, the Bubble moves on the 2 Diagonal 
Threads 20 Inches : It follows therefore, that 120 Grains Difference would 
make the Bubble walk over 120 Inches, if the Threads were ſo long; but, 
as it has been above calculated, about 120 Grains Difference of Weight of the 
Inftrument is produced by ſo much of the Alteration of the Air, as would 
make the & of the common Baroſcope 4; Inch; therefore when the Mercury 
aſcends 4% Inch, the Bubble of this new Baroſcope aſcends 120 Inches; 
therefore this new Baroſcope is more exact than the common Baroſcope by 
about 1200 times.“ 


c 
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Therefore a — 4 = 0.25, which x » gives 0.50 cubick 
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Obſervations made with this new Baroſcope. 

1. WarLE the $ of the common Baroſcope is often known to be ſtationary 
24 Hours together, the Bubble of the new Baroſcope is rarely found to ſtand 
ſtill one Minute. 

2. SuPPosE the Air's Gravity increaſing, and accordingly the Bubble aſ- 
cending, during the time that it aſcends 20 Inches, it will have many ſhore 
Deſcents, of the Quantity of + Inch, 1, 2, 3, or more Inches, each of which 
being over, it will aſcend again. Theſe Retroceſſions are frequent, and of all 
Varieties in Quantity and ages” ſo that there is no judging of the — 

2 2 ourſe 


* 
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Annotat, Courſe of the Bubble by bare Inſpection, though you ſee it moving, but by 
Lect. X. waiting a little time. 

2 3. A ſmall Blaſt of Wind will make the Bubble deſcend ; a Blaſt that 

can't be heard in a Chamber of the Town, will ſenſibly force the Bubble 

downward, The Blaſts of Wind ſenſible abroad cauſe many of the aboveſaid 

Retroceſſions, or Accelerations in the general Courle ; as 1 found by carrying 

my Baroſcope to a Place where the Wind was perceptible. 

4. CLoups make the Bubble deſcend. A ſmall Cloud approaching to the 

Zenith works more than a great Cloud near the Horizon. In cloudy 

Weather the Bubble deſcending, a Break of the Clouds (or clear Place) ay. 

pioaching to the Zenith, has made the Bubble to aſcend; and after that 

Break had paſs'd beyond the Zenith a conſiderable Space, the Bubble again 

deſcended. N 

5. ALL Clouds (except one) hitherto by me obſerv'd, have made the 

Bubble to deſcend. But the other Day the Wind being North, and the 

Courſe of the Bubble deſcending, I ſaw to the Windward a large thick Cloud 

near the Horizon, and the Bubble ſtill deſcended ; but as this Cloud drew 

near the Zenith, it turn'd the Way of the Bubble, making it to aſcend, and 
the Bubble continued aſcending till the Cloud was all paſs'd, after which 


it reſum'd its former Deſcent. It was a Cloud that yielded a cold Shower of 
ſmall Hail. | | 
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6. [27. -The horizontal Motion of the Air, being ſo quick as it is, may 
in all Probability cauſe ſome Part of the perpendicular Preſſure thereof, &c.] 
The horizontal Motion of a Fluid can never take off the perpendicular Preſ- 
ſure, as it may be demonſtrated mathematically ; for tho* Mr. Hawkſbee made 
an Experiment to try how the Mercury in the Barometer is affected by high 
Winds, (ſee his Book of Phyſico-Mechanical Experiments) and by the falling 
of the Mercury, concluded (perhaps led by the Conjecture of ſuch a great 
Man as Dr. Halley) that the horizontal Motion of the Air took off from the 
perpendicular Preſſure : yet we ſhall ſhew, in ſtrictly examining the Experi- 
ment, that it proves no ſuch Thing; tho? it leads us to the Cauſe of the Mer- 
cury dancing in the Barometical Tube in ſtormy Weather. 


Plate 23. Fig. 6. 

A is a Copper Fountain containing about ſix Quarts, into which Air is 
condens'd by a Syringe, till it contains ſeven or eight times as much Air as 
uſual, kept in by the Cock B. Then upon the Board K L, ſupported by the 
Stands K L and H1, are ſet up two Barometers, whoſe Ciſterns are contain'd 
in the Boxes DE, GF, communicating one with another by a Braſs Pipe 
DG. Another Braſs Pipe CD coming from the Fountain is ſcrew'd 
into the Box DE, and over-againſt it a larger Pipe, as EM. Things being 
thus diſpoſed, upon turning the Cock B the Air ruſhes out of the Fountain, 
or Copper Sphere, paſſing with great Violence over the ſtagnant Mercury in 
the Ciſtern at D E, and fo out at the larger Pipe EM. Upon this not only 
the Mercury in the Tube belonging to DE falls from e to «, but Ts — 

erc 
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Mercury in the other Barometer falls as much, viz. from F to . Now upon Annotar. 
ſtrict Examination there is not an horizontal Motion of the Air made over the Lect. X. 
ſtagnant Mercury, but an Exhauſtion of ſome of it; for if you look at Fig. 5... 
which repreſents the End of the Pipe CD, and the Beginning of the large Pipe 
E M, expreſs'd by the ſame but ſmall Letters. you will find that the End d (re- 
preſenting D) is continued over the ſtagnant Mercury, and, with its End, made 
conic for that Purpoſe, enters a little Way into the larger Pipe em, (the ſame as 
E M) fo that it does not really blow over the Mercury in the open Air, but 
by blowing away the Air in EM, an Exhauſtion is made of Part of the Air 
preſſing over the two Ciſterns D E ard G F, whereby the Mercury at e and f 
deſcends z but riſes again upon ſhutting the Cock, and ſo every time, juſt 
as it happens when a Squall of Wind blows, and upon the abating of the 
Wind the Mercury returns, dancing with a pretty quick Riſe and Fall, till 
the Storm being quite over, the Mercury riſes very faſt, and with a continued 
Motion. This will be farther illuſtrated, by conſidering a ſtormy Wind 
blowing over the Surface of the Earth, as repreſented in the next Scheme, 

Plate 23. Fig. 7. Let DLM repreſent the Circumference of the Earth, Plate 23. 
and CNOPDLM the Atmoſphere, L any particular Place, as, for Ex- Fig. 7. 
ample, London. Suppoſe the Stream of Air or the Wind W to come from 
the right Hand in the Direction WE: this will carry off ſome of the Top of 
the Atmoſphere, ſuppoſe the Part AGCB, puſh it up to E, and drive it 
towards F, ſo that there will be as it were an Hollow at G, and the Column 
of Air BL, which preſs'd upon London, be ſhorten'd, and containing leſs 
Air than it did, preſs leſs upon. the Mercury in the Barometer, ſo that it will 
fall in the Tube; but as the Wind comes by Squalls, or Puſhes, when the 
Squall abates, the Air will come back from F, and the Places round where 
it has been heap'd up, and filling up the Cavity AGCB again, become 
heavier, and preſs up the Mercury in the Barometer. Now as the Wind 
blows in the Direction WE, a Tangent of the Earth, as we have obſerv'd, 
the Inhabitants of London will not fee the Wind, being below it, but have 
Reaſon to expect it from the Indications given by the Barometer, and per- 
haps perceive it in the Motion of the higheſt Clouds before it is ſenſible be- 
low. During the whole Storm afterwards the Mercury will dance, till per- 
haps half an Hour before its End, it will no longer dance, but riſe very faſt. 
For ſuppoſe then it blows in the Direction ww e, tho? it be felt ſtill by the Inha- 
bitants of L, the Height of the Column L B will be then ſettled, as there is 
no ſuccteding Wind to blow in the Direction WE, to diſturb the Atmo- 
ſphere at B; and there being no alternate Increaſe and Decreaſe of Preſſure, 
there will be no dancing of the Mercury in the Barometer, but an uniform 
and ſteady Increaſe of its Riſe, by the coming in of the Air that had been diſ- 
plac'd, and hinder'd from coming in fully, by each returning Squall. Now 
whilſt all the Mercury is quiet at London, (that is, riſes quietly) in another 
Place to which the Storm is going ; ſuppoſe at Dublin, repreſented by D, (if 
the Storm goes from Eaſt to Welt) the Column of Air over that Place will 
be alternately lengthen'd and ſhorten'd, and the Mercury dance before the 
Storm be felt, whilſt it blows ſtill pretty ſtrongly at London. The Atmoſphere 
being 


— — 
_ 


Ad 


o T 2 = * 
— — —— — — — — — = S ——— _— TI 97 
> <= þ — — — TY wr 77... <-—— MES. e by - P — . 
= FI 5 > = <8 % = B 2 2 3 5 7 8 - - 7 3 2 n 2 - 7 2 
— © 2 2 — — 2 — — — 1 * — ht = - . ACS 4 * 2 — ON 6 bs — a = == 4 — E 
— - — 2 1 - l % © 4 * — 9 2 =D 4 V <p ; þ 8 , 8 „ —- - _ == . * 
= — L . 7 - 2 * = * 2 —_— — : - 5 2 2 = = ic 


* — — 
2 


"= — - 
<= Zi 


PE 3 4 
> - 2 p 3 
33 
- — — 


EE 


a. 


1 2 5 22 

—— — 

— — 
SA — = 


Dn Du 


— = ERR 


— x —_— Me hs — pr 2 2 2 - - —_ * — 
5 Vc. * — — W — CT Vx 1 — — = nds. awed \ ett wart —— _ - — — 97 p OI £ 
E — — — — 2 ; = e s is — — & 
— — "_—_ - —* — - = — * : * * * — 2 Jn — * — 
— —_—_——— = -_ * . 2 A — =: - — * % " - 4 4 - 7 . Þ - k * 
Fa _ CES 5 G - T — — Ma 4 25 k b | : * . 
- p, a 2 — — * r — — — —— — — — — — — == —_—__ 
„ 


— 
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Annotar, being here mark'd with the ſame Letters (ſmall ones) ibe ſame Explication will 
e 


Lect. X. do here. 


0 


ay. As we fee Water runs the faſter for having great Declivity.] 

plate 23. This has been ſufficiently explain'd in the laſt Note. See the Figure “, where 

Fig. 7. FAG and CG ſhews the Declivity, which is to be ſuppos'd from all Parts 
round about, when the Storm is wholly ceas'd. 


8. [——The Canſe of Mr. Patrick's 61h, 7th and 8th Articles are explain'd 
in the Notes. | 

Is relation to the ſixth Article, i it rains ſoon after the falling of the Mer. 
cury, it is a Sign that only thoſe Clouds are fallen into Rain that were ve 
near the Ground; and as this may be owing to a ſudden Blaſt of Wind, or 
a Flaſh of Lightning, (whoſe ſulphureous Steams abſorb the Air) the upper 
Clouds, which are ſpecifically lighter, deſcend gradually, and only come 
down from an higher to a lower Station, by ſo ſmall a Change in the Denſity 
of the Air; for if their Motion downwards towards their Æquilibrium, in an 
Air of the ſame ſpecifick Gravity with themſelves, (tho? ſpecifically lighter 
than thoſe Clouds that fell into Rain) be but flow, they will meet no Shock, 
and conſequently they will produce no Rain. Add to this, that after Light- 
ning the Air ruſhing in from all Parts to fill the Vacuity of the abſorb'd Air, 
will render the Air at that Place heavier than before, and cauſe all ſuch 
Clouds as have not been compreſs'd into Rain by their quick Fall, (which oc- 
calions a great Reſiſtance of the lower Air) to riſe again, and make fair 
Weather. 

THz ſeventh Article, that ſays, That when the Mercury riſes much and 
high in foul Weather, and continues to do ſo for ſome time before the faul Weather 
is over, we may expect à Continuance of fair Weather. Here we are to con- 
ſider, that when there has been a great Change made in the Denſity of the 
Air, not only the lower Clouds have had a great Way to fall to come to their 
Place of Agquilibrium, but alſo the upper Clouds; and therefore they have 
mov'd downwards with an accelerated Motion, ſo as to meet ſuch a Shock 
trom the lower Air, as todrive their Particles of Vapour within the Power of 
each other's Attraction, ſo as to form Drops of Rain: and when once a 
Cloud is chang'd into Rain, tho' the Drops be yet but ſmall, let the Air in- 
creaſe its Denſity ever ſo much, yet it will come to the Ground, becauſe no Air 
will have a ſpecifick Gravity able to ſupport it, tho? it may retard it a little, 
Therefore, ſince all thoſe Clouds that are become Rain, muſt fall; when they 
are all come down, there will be no more left to produce Rain, till the Sky 
be ſupply'd with a new Stock of Vapour from the Earth. 

Mr. Patrick ſays in his eighth Article, That in fair Weather, when the 
Mercury falls much and low, and thus continues for two or three Days before 
the Rain comes, then we muſt expe a great deal of Wet, and probably high 
Winds. It is to be obſerv'd, that he does not ſay when the Mercury falls 
quick and low, but much and low; for then that would be the Caſe of the 
leventh Article. But we may obſerve, that when in this Caſe it falls a * 

While, 
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while, it falls but a little at a time, but as it continues to fall it may be very Annotat. 
low before there is any Rain. Now when the whole Weight of the Air, and Lect. X. 
conſequently its ſpecifick Gravity in each Region, gradually diminiſhes, each 
Cloud however it differs in Height from another, has but a little Way to fall 
to come to its own AZquilibrium, ſo that it moves down like a Feather, too 
cently to meet ſuch a Shock from the inferior Air as will drive its Drops to- 
gether ſo as to produce Rain. Therefore all that will happen, is, that the 
heavicſt Clouds will come gently to their Aguilibrium very near the Ground, 
and thoſe which are lighter and higher (for Clouds vary in Depth according 
as they are made of finer or groſſer Vapour, firſt rais'd from their Cohe- 
ſion in Water by a greater or a leſs Heat) come to their new Ægquilibrium 
a little lower than their firſt Place; and at every ſmall Deſcent of the Mer- 
cury all of them deſcend a little lower without any Shock, till the Sky is 
overcaſt, all the Clouds being very low. Now upon the next Fall of Mer- 
cury, if it be more conſiderable, as it will be by a Blaſt of Wind not check'd ; 
as, for Example, a South, or a South-weſterly Wind, the Denſity of the 
Air will be fo alter'd, that all thoſe Clouds will fall quick enough to meet 
with a Shock that will ſo far condenſe them into Rain, that they cannot riſe 
again before they are fallen to be exhal'd again. Now, as there are many 
Clouds brought near the Earth, and of ſuch different Denſities as to fall with 
different Velocities, (though the ſloweſt fall faſt enough to be comprels'd into 


Rain) it will take up ſome time before they are quite down, and that is the 
long Run of foul Weather. 


9. [24. Between the Tropicks the Rain falls at certain Seaſons in very 

great Quantities, and yet the Barometer ſhews there very little or no Alteration. | 
About the Year 1717 I publiſh'd this Paper againſt Monſ. Leibnitz's Opi- 
nion of the Cauſes of the Variation of the Barometer, wherein what I. ſaid 
was deduced from Hydroftatical Laws, and therefore amounts to a mathe- 
matical Demonſtration : ſo that it is needleſs to ſay any thing in anſwer to 
what is, or may be alledged againſt it. But M. Ge. Henricus Raſtius having 
in the Year 1719 publiſh'd an Anſwer to my Paper, has in an Epiſtle treated 
me ſo civilly, that J cannot (now my Subject calls me to it) refuſe an Anſwer 
to his Objections. ' 
1} then, I ſay that Monſ. Leibniz, and thoſe of his Opinion on this Sub- 
ject, have miſtaken the Effect for the Cauſe ; the Fall of Rain not being the 
occaſion of, but being occaſion'd by the Diminution of the Air's Gravity and 
Denſity conſequent upon it. 5 

To follow M. Raſtius cloſely, we will quote ſuch Things as may not di- 
rectly be anſwer'd from what I ſaid in my Diſſertation. Ne 3. He ſays, 
Leibnitæ, according to the great Capacity of his Mind, contriv'd yet ano- 
ther Way to expoſe more evidently to our Senſes the Truth of this Propo- 
** ſition, He would have me take a Balance, from one of whoſe Brachiums 
** 4 pretty long Tube muſt hang, fill'd with a Fluid, as Water, in which a 
hollow Body muſt ſwim, but made of a Subſtance ſpecifically heavier than 
Water, and in ſuch manner, that when the Water comes into the Cavity 

** 01 
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Annotat- * of the Body, it ſhall deſcend towards the. Bottom of the Tube: In the 
Lect. X. Scale hanging at the other Brachium he would have an exact Counterpoiſe 
for the Tube, Water and Body. Then he order'd, that the Water might 


Plate 23. 
Fig. 8. 


be made to enter into the Cavity of the Body, which for that Purpoſe muſt 
de have a ſmall Hole, ſo ſtopp'd at the Beginning of the Experiment, that 
* the Water in Time ſhould overcome the Reſiſtance of the Stopple, and run 
« gradually into the Cavity of the Body. And that then this heavy Body, 
de that had been before ſuſtain'd by the Water, coming to fall, the Aiquili- 
* librium would be loſt between the Tube containing the Water with the Body 
« falling in it, and its Counterpoiſe would certainly prevail, becauſe the 
«© Water in the Tube would then have loſt ſomething of its Weight. But 
this great Man conſidering afterwards that ſuch a Body could not be made 
* hollow without great Difficulty, and a Danger of diſturbing the #qui- 
% /ibrium, if the Method propos'd to Rammazini was follow'd, in his Epiſtle 
eto the famous Bignon, ſubſticuted, Sc.“ | 


Now this Experiment which he firſt propos'd is not very difficult, and may 
be made in the following manner, and with the following Succeſs, 


ExPERIMENT. Plate 23. Fig. 8. 
LeT BCD be a Glaſs Tube, or a long Glaſs of two or three Inches Dia- 
meter, hanging at B from one of the Ends of a Balance, and let it be fill'd 
with Water to SS; then let an hollow Body of Lead à like an Egg, with a 
little open Hole at @at Top, and an Hole at Bottom at 6 ſtopp'd up with Su- 
gar, be ſet a floating in the Water, whoſe Surface it will raiſe up to 55: then 
to all this make an exact Counterpoiſe in the oppoſite Scale of the Balance, You 
will obſerve by Degrees, as the Sugar at & melts, the Water will run into the 
hollow of this leaden Egg, whilſt the Air runs out at a, fo as to fill it, and 
it will deſcend in the Tube, as at cd, the Surface of the Water alſo coming 
down again to 88. You will ſee the Counterpoiſe preponderate, and the 
Tube with its Contents riſe : not becauſe the Bottom CD is leſs preſs'd on 
account of the Body falling and lofing all its Weight, which before made a 
Part of the whole Fluid; but becauſe, by the Water running into the Egg 
it falls from 55 to 88, and the Pillar of Water SC Ds has loſt of its He ght 
according to which it preſs'd, and being come down to SS, weighs only as 
SCDS, which has leis Height“. Whilſt the Egg is at a ö, it adds to the 
Weight of the whole Fluid as much as if an equal Bulk of Water was pour'd 
in, and that whether the Egg be ſpecifically heavier or ſpecifically lighter than 
the Water, or of the ſame ſpecifick Gravity. As the Egg deſcends it preſſes 
upon the Column of Water ce fd, and therefore acts more ſtrongly on the 
Bottom CD, in Proportion as it is retarded in its Fall; for if the Tube was 
long enough for the Egg to be retarded by the Reſiſtance of the Water till it 
came to an uniform Motion, it would make the Column of Water ef Ad 
preſs enough to recompenſe the want of Water in the SpacesSSs, and the 
Aquilibrium would be reſtor'd. 
In Ne 4. Raſtius ſays No let us ſee and examine in a few Words, 
% why Deſaguliers and Leibnitz could not agree in this Affair. We ſupp rs 
7 „Whole 
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e hole Doctrine to turn upon this, viz. the Principle and the Experiment Annotat. 
„ of Leibnitz are the Subject of the Controverſy, Deſaguliers by his Objec- Lett. X. 
« tions does not ſo much as attack the Principle or this Propoſition, - viz. . 
« that Bodies in falling do not gravitate; that is, directly ſo as to deny any 
« one of the Things ſuppos'd in the Demonſtration, or to ſhew a Parallogiſm 
« committed in itz but yet by what he alledges endeavours to infer trom 
© ſome hydroſtatical Foundations what ſhould overthrow this firſt. He 
« ſays, let AB be the Bottom of a Veſſel, &c.“ | TI 
Now I don't fay it in the very Words, yet what I prove comes to what I 
{ay now, viz. that Bodies falling in Fluids do gravitate in their Fall, and 
that with-all the Weight whereby their ſpecifick Gravity exceeds that of the 
Fluid; and that the Momentum which they loſe, by the Reſiſtance of the 
Fluid in which they fall, is communicated to the Fluid ſo as to make the Co- 
lumn under them gravitate more ſtrongly upon the Bottom on which it ſtands : 
and if the Body in its Fall is come to a uniform Motion, the Bottom will be 
as much preſs'd as if the Body having fallen thro' the whole Fluid was already 
there, at reſt upon the ſaid Bottom. 
Tuev in Ne 5th, Reftius makes a Difficulty about a Column of a Fluid that 
is heterogeneous; as if I had not taken Notice that that is the Caſe in the At- 
moſphere, But the Demonſtration of the hydroſtatical Paradox holds good 
there too, the Atmoſphere being as it were made up of different Strata, 
whoſe ſpecifick Gravities diminiſh as we go upwards, except upon ſome ex- 
traordinary Occaſions, ſuch as we have taken Notice of in N 7. Page 341. 
Nav, if at any Time the Strata are not plac'd according to their ſpecifick 
Gravity, they will ſoon obtain that Poſition: And Inſtances may be given 
when the Preſſure ſhall remain the ſame, tho? the Scale of Atmoſpherical Den- 
fity, or the Sum of all the Deaſities be alter'd. 


* 


Plate 23. Fig. 9. 

Lier us ſuppoſe a Column of the Atmoſphere confin'd, ſo that it may not Plate 23. 
communicate with any other Columns laterally : As it would happen if Fig. 9. 
ABCD was a Tower incloſing the ſaid Column reaching up to the Top of 
the Atmoſphere, and open at Top. Within that Column ſuppoſe another, as 
EF H, and the whole large Column diminiſhing in Denſity from B C to 
AD. Now if we ſuppoſe a large Body, as K, to come into the Middle of the 
above-mention'd large Column, and that Body to be ſpecifically lighter than 
that Part of the Atmoſphere whoſe Room it takes up in the Space ni lo mk, 
as it might happen when a light Cloud is riſing up before it is come to its 
Place of Equilibrium : 1 ſay then that the Bottom E F comes to be leſs 
preſs'd than it was, (tho' the Height A D remains the ſame) becauſe there is 
leſs Matter in the Column G EF H than there was: but this only happens 
if the Cloud fills up the Space of the Tower reaching from n to o; for if the 
Cloud does not reach the Sides of the Tower, and leaves a Paſſage, as ik 
or n, I tho' it be larger than the Column G E F H, whoſe upper Part it di- 
vides from the lower; the Preſſure will be propagated from G H to E E thro 
Ik and In, tho the Scale of Denſity in GE F H be alter'd, and EF will 

Vor. II. | 3 be 
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Annotat. be preſs'd as before K was intercepting the Middle of it: and that as long x 
Lect. X. K ſtays where it is, whether it be ſpecifically heavier, or ſpecifically lighter 
L——— than the Air whoſe Place it takes up. 


Plate 19; 
Fig. 22. 


. 


Tux Raſtius ſays in Ne 6, that by ſpeaking of the Deſcent of the Cloud 


A, B, (Plate 19. Fig. 22.) to CD, I muſt ſuppoſe new Matter to be added 


to them to cauſz their Deſcent, and draws Conſequences againſt me from tha: 
Suppoſition. When I mention'd the Clouds firſt at A, B, then at C, D. « 
I only made a Suppoſition, I did not take Notice of what Cauſes would make 
them riſe and fall, but conſider'd them only as Bulks of ſuch a Bigneſs, which 
being either in one Part or another of the Atmoſphere, did not by their Re. 
moval from one Place to another alter its Height, and therefore did not alter 
its Preſſure. It is a wrong Notion to think that the Atmoſphere, keeping the 
ſame Height, muſt always vary in Preſſure every time its Scale of Denſity is 
alter d. The Fallacy of it ariſes from want of underſtanding the hydroſtatic 
Paradox, or rightly applying it. The Preſſure upon the Bottom of any Veſ. 
ſel, as A B, Plate 19. Fig. 21. is always the ſame, when the Height is the 
ſame, tho' the Quantity of Matter be ever fo different: ſo that the Column 
CABD may be diminiſh'd in any Part, or increas'd, except its Baſe and 
Height, and the Preſſure on the Baſe remain the ſame. Its Quantity of Mat- 
ter may be 1000 times greater, or a 1000 times leſs *. I know that it will be 
anſwer'd, that this is only for homogeneous Fluids; but the Caſe is not the 
ſame in heterogeneous Fluids, as the Air. But when a Fluid gradually de- 
creaſes in Denſity, as it happens in pure permanent Air, the Caſe is the fame; 
for unleſs the Clouds, Vapours and Exhalations were to incorporate with the 
Atmoſphere, they are not to be taken into the Scale of Denſity. Whilſt the 
Air can preſs down between the Clouds, we may look upon any Part of the 
Surface of the Earth as preſs'd by a Pillar of Air uniformly decreaſing in 
Denſity from the Ground to the Top of the Atmoſphere, which (tho! it be 
undetermin'd by Reaſon of the inſenſibly decreaſing Denſity of the Air) may 
be conſider'd as 60 Miles high; weighing as much as a Column of Air 
equally denſe with what we commonly breathe, of between five and fix Mil:s 
in Height. Indeed if there was a Cap of Clouds continuous, and covering a 
large Tra& of Ground, ſuch as we ſuppcs'd the Cloud K, Fig. 9. there might 
be ſome ſmall Alteration in the Scale of Denſity. The Preſence or Abſence of 
the Clouds does no way diſturb the hydroſtatical Paradox in relation to the 


Atmoſphere, whilſt they continue in the ſame Place, and if it was poſſible for 


them to remain in their Places, and be of different ſpecifick Gravities, they 
would only exclude ſo much Air as was equal to their Bulk; for any Quan- 
fity of Air, any how inclin'd, if high enough, and coming freely to the Baſe 
whoſe Preſſure we conſider, would give the ſame Preſſure. Thus in cloudy 
Weather, it is a Miſtake to ſay the Air is loaded with Vapours; for the Va- 
pours or Clouds form'd from them only exclude ſo much Air as would fill up 
the Room they take up: for if they were incorporated with the Air, and the 
watery Particles mix'd in its Interſtices, the whole Air would preſs more, ad 
the Mercury by its Riſe would ſhew it in the Barometer, contrary to Obſer- 
vation; the Mercury riſing moſt when the Air is cleareſt, 1 

, 


f. 
t 
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« WM Plate 23. Fig. 10. Let CD be Part ef the Earth's Surface, and ACDB Annotar. 
T1 an atmoſpherical Column, being moſt denſe at Bottom, and gradually rarer Lect. X. 
= ;.-mCDrto AB: it is not neceſſary that there be a certain Quantity of Mat 

err preſſing upon C D, to give always a certain Degree of Preſſure, provided the 32 

d WS Height remain, and Baſe be free; for the crooked Column CN MIK L OD, *'& ©: 

i: WE containing much leſs Matter, but the ſame Height, and the ſame Decreaſe of 
Decay as ACD B, will preſs as much upon CD, tho' preſſing in an oblique 

e Direction, by Reaſon of the Interpoſition of the Bodies N MP L QO, 

\ RES which we may conſider as having no Share in that Prefſure. And now in 


Complaiſance to thoſe who are fond of the Conſideration of the Scale of Den- 

r lity, or all the Matter in an atmoſpherical Column, conſider'd as preſſing on 
: SE ny Baſe: I ſay, that when once the Clouds are at Reſt, this laſt Confideration 
; WE will give the ſame Preſſure as the hydroſtatical Parodox. Let C D, Plate 23. 
| Fig. 10. be Part of the Surface of the Earth preſs'd by the Atmoſphere : we 
. = conſider the Preſſure as proportional to a Column of the Atmoſphere, as 
EX ACDB without Clouds. Now if we take an equal Part of the Surface of 
die Earth, as E F, and conſider it as preſs'd by the Column BE F H, made 

== up of Air and Clouds, it will appear that that Column will weigh neither 
= more nor leſs than A D. Becauſe ſince the Clouds will not reſt, but either riſe 
wos fall till they come to a Place or Stratum, where the Air is of the ſame ſpeci- 
| fick Gravity with themſelves, it will be the ſame Thing as to Preſſure, whe- 
ther the Column G F be all of pure Air, or has in it Clouds weighing juſt as 
much as that Air, whoſe Room they take up, all the while ſuppoling the Co- 
lumns of equal Heights, 

Now ſince I have ſhewn, that when I mention'd the falling of Clouds, I did 
not mean that they became heavier by an Addition of new Matter : it may 
be expected that I ſhould give the Reaſon of a Cloud's Deſcent, which I take 
to be this. When ſome ot the ſuperior Air is carried off by Winds that are 
uncheck'd, the Air at the ſame Height as the Cloud being eas'd of ſome of 
the Weight that compreſs'd it expands itſelf, and becomes ſpecifically lighter 
than it was; whereby the Cloud that does not expand, but keeps the fame 
Bulk and ſpecifick Gravity is no longer ſuſtain'd, but falls by a Force pro- 
portional to the Quantity of Matter whereby it exceeds the expanded am- 
bient Air in Denſity, till it comes to ſettle in an Air of the ſame ſpecifick 
Gravity with itſelf, where it finds its Place of Aquilibrium. So that is is the 
Air, by becoming lighter, that makes the Cloud fall, and not the Cloud, by 
talling, which makes the Air lighter, as Mr. Leibnitz would have it. 

Here in N* 7. Raſtius ſays, that all that he has quoted from me hitherto 
might have been paſs'd by, as having no great Connection with what follows; 
but that he only took Notice of thoſe Objections, becauſe he would follow me 
cloſe. I have return'd him the Compliment by being ſo particular hitherto. 

Bur now in Ne 8. Raſtius accuſes me of having attributed an Opinion to 
Leibnitz, which neither he nor his Followers hold; namely, „LI hat I ſay 
he affirms that a Body which being detain'd in a Fluid makes up Part of 
its Weight, loſes all that Weight, when it comes to fall. But that when 
** Leibnitz ſpeaks of the Body not gravitating as it falls, he does not mean 

Aa a2 that 
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= — — | YO 
— Ex >< =Þ 4 2 33 — = a * EEE * 
ä oa Erb SE BE EA = — IR 


S > 


w_— — e 
Nas W— - >> 66MM te 4- 8 * * — 
= r „ 


. [4 
349 4 
0 4 4 
* 
7 - q 

7 
. 
1% 

| . 

2345 ty 

= l 
11 U 

MS 
1 * 

. * 
. 
n 73 4 
OY x 

12 
. 
79 4 

i 4 8 14 4 * 

RET.” 

3 18 
"$14 + 14 

A 
k _ 

pF L . 

+a 

4 A . 

4-05 
Tx. * . 
| a . 

mm 1 
4 L 
' — 
I 

4 4 

. K - 

1 4 45% 
4 1 
ih 
1 1 * 

4 * 
1 
1 7 A 
. 
? . 7 
* 
3 . 
1.18 i 
a, Gu 
lie. * 
JI 4 "4 * 
1 
Fn (6 by 
iv 
_ 
1 o * 
m ld 
ws 
[ TY 
WI 
7 2 
4 . 

3 

1 8 

. 3 

N ? N 

4 . 18 
| - Ho 
latY 
. 1 - 
* 
1 . 
: Tram! 
"ot | 7 
Ws 3 
„ 

3 

4 

eiiie 

1 

* 

* 
4 
N 

co 

* 1 

kh: 

»; 

* 

4: 

| 

oth 

"Wl 

* 

[ 

0 

5 

* 

1 

"4 


= 


4 3 
4 2 
— „„ $a 
— - ee = — 
2 = 
. — — 2 — 
— — 
9 — 
4 — m4 
— S oe ENS 


— - 
—— — 
> 
s 
= 4 - 


20> 


| TL 


ä 
+ - 


4 — — — 1 
* E 
* = 
— 
2 
— 
Y . 
— = 
— 3 ———— 
— n 
I — — 
2 . ES 
Fw . 2 a Sk. 4 
2 2 - - 5 


— 


364 4 Courſe of Experimental Philoſophy. 
Annotat. that Part of its Gravity, whereby it is in 4quilibrio with the Fluid; that 
Lect. X. this is aſcribing to ſuch a great Man an Error, which Beginners in Hyde 
— ( ſtaticks could not be guilty of, Sc.“ Now if this was not Mr. Leib nig 

Mieanigg, how is this a new Principle? How is the Air become lightet h 
the falling of Rain, unleſs it has loſt the Weight it had when it ſuſtain'd it, 
To ſhew that Mr, Fontenelle, from whom 1 had Mr. Leibniiz's Opinion, 
thought ſo as well as I, L beg leave to quote bis own Words.-———Mait M 
Leibnitz dans une Lelire qu'il a tcrit a M. , Abbe Bignon, en donne une Nass 
plus ingenieuſe & plus neuve. I pretend qu'un Corps ᷑tranger qui eſt dans un 
Liguide, pije avec ce Liguide & fait partie de ſon Poids total, tant qui 
ſaulenu; mais que Sil ceſſe de Petre, & tombe par conſeguent, ſon Paids ne fait 
plus partie du Poids du Liquide, qui par la vient @ peſer moins, That i 
„ But Mr. TLeibnita, in a Letter which he has written to Abbé Bignon, gives 
a more ingenious Reaſon for it. He pretends, that a ſtrange Body Which 
« is ina Liquid weighs with that Liquid, and makes Part of its total Weight, 
* as long as it is ſuſtain'd; but if it ceaſes to be ſo, and conſequently falls, 
its Weight no longer makes a Part of the Weight of the Liquid, which 
thereby comes to weigh leſs. | Dr N 
- IT is not enough to — away from the Air that Part of Gravity whereby 
the Body over-weighs an equal Bulk of Air, if it ſtill retains that Part wheres. 
with the Body weigh'd with it; for then it won't weigh leſs than before the 
Body began to fall. | S 
Now it lies upon me to prove whether there be any Parallogiſm in the Con- 
ſequence that Mr. Leibnitz draws from the Experiment that Mr. Ramezini 
made by his Direction. Let us examine once more into it, and we ſnall ſee 
that it proves no ſuch Thing as it intended to prove. 179 
Plate 19. LET us ſuppoſe the Weight W, Plate 19. Fig. 24. to be of Lead, weigh- 
Fig. 24. ing 11 Ounces, and tied by a Thread to B, the End of the Arm of a Balance; 
but hanging under Water. Now: when the Thread is cut juſt under B, the 
Counterpoile in the oppoſite Scale overcomes, and the End B with the Tube, 
Water and falling Weight W. riſes as long as the Weight W is falling. From 
which Mr. Leibnitz concludes, that the Tube of Water weighs leſs, while the 
Lead is falling in it, than when it was ſuſpended in it. But I ſay, that no 
ſuch Thing is done, as it will appear when we examine what is done in ds 
Experiment. As Lead is 11 times heavier than Water, by hanging it in 
Water we only put one Ounce of its whole Weight in Water, (the ſame 38 
had been done if we had pour'd an Inch of Water into the Tube, which: 
would have rais'd the Water from FB to E ) whereupon: it is xequir@o 
add one Ouuce to the Counterpoiſe of the Tube and Water in the oppolite 
Scale. Then the ten Ounces that are left in the immers'd Lead pull down 
the Thread. The Thread being tied to the Arm B, that Arm receives 4 
Weight of ten Ounces, which muſt be counterpois'd by ten Ounces mote in 
the oppoſite Scale. Now when you cut the Thread you take off ten Ounees 
from the Arm B, which thereby riſes up by the Force of ten Ounces in dhe 
oppoſite Scale, ſo that B is made lighter ; and brings up along with it the 
Tube, and Lead, and Water, which is really heavier: for the ten —_— 
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taken off from B are given to W, which falls thereby 3 but as the Water Annotat. 
yields to the falling Lead, it gives the Water but Part of that Weight at a Lect. X. 
time ; but if the Tube had Length enough to come to an uniform Motion. 
the Preſſute of the Water upon the Bottom DI would be as great before the 
Lead came to the Bottom, as when it ſhould be come to it. Nay, as ſoon 
as the Lead begins to fall, the Water becomes heavier, provided that before 
the Thread be! cut the Lead that hangs in the Water be ſuſpended from no 
Patt of the Brachium of the Balance B. The Experiment then muſt be made 
as repreſented by Fig. 23. which I need not repeat, having already deſcrib'd 
it, and the Tube will ſink-the- very Moment that the Thread is cut. 

- Raſtivs, in Ne 1g. is pleas'd to be merry about this Way of making the 
Experiment Without doubt, ſays he, Deſaguliers is far from the Opi- 
nion, that the Vapours affording Matter for Rain are ſupply'd by ſome 
« Genii or Spirits, (like the heavy Body held in Water by the Hand) and 
« not held up aloft by the Agquilibium of the circumfluent Air.“ —— The 
Joke is ſo godd, that here I leave Mr. Raſtius to enjoy it. 


10. [33.— Dr. George Martine, Sci] The late Dr. G. Martine, in his 
Book of Eſſays, printed at London for A. Millar, 1740, has four upon the 
Subject of Thermometers, wherein he has treated that Matter excellently 
well; and as the Whole is worth conſidering, and I have not Room here to 
inſert it, I muſt refer my Reader to the Book. I have only copied from 
him in one of my Plates the ſeveral Thermometers which he compares, and 
here I'll mention the Heads of what lie treats of in thoſe Eſſays that relate to 
eur Sued. zn n 01 928 SE fl ; 
Ess g. Of the Conſtruction and Graduation of Thermometers. 

« EssAV 4. Of the Compariſon of different Thermometers. 
„Ess AY 5. Of the Heating and Cooling of Bodies. Bale. 
„ Essay 6. Of the various Degrees of Heat in Bodies, containing eight 
Articles, which are as follow, viz. 1. The Way of computing the diffe- 
rent Degrees of Heagz. 2. The Heat of the Air. | 3. The comparative 
« Heats of the Sun, rth, Planets, and Comets. 4. The Degrees of N 
« Heat in Animals. 5. The preternaturat Heats of Animals. 6. The 15 
Heats of Waters, Oils and Salts; according to their Fluidity and Con- Il 
« fiſtency. 7. The melting and ſhining Hears of Metals and Minerals. 8. - nn 
The boiling Heat of liquid and melted Bodies. a $418 | 
In the Year 1741 I had a curious Spirit - Thermometer ſent- to me from | "x 


« 


Paris by Mr. Micheli du Creſt, of his Invention, which I think to be one of 
the beſt Spirit Thermometers that ever I ſaw.” It has four Scales beſides its 
own, viz. according to the old Thermometer of the Royal Obſervatory at 
Paris, according to Mr. de Reatmur,” according to Mr. de Iſie, and accord- 
ing to Farenbeit. He alſo ſent me particular Directions for the making of it, 
with all the neceſſary Cautions to be obſerv'd; but as I have already declar'd N 
my preferring the mercurial Thermometer, and my Reaſons for it, I ſhall not i 
communicate Mr. da Cref#s Paper here. 7. 
| F 1 L i +199 9 C1003 BEN | 12.9 11. | 
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[33.———This is only when Water boils-in-open Veſſels] The boiling 


Lect. X. Water be mark'd as a fix d Point on the Thermometer, yet it may lead one 
== jnto an Error, becauſe boiling Water is hotter when the Air is heavy, than 


when it is light; ſo that to, fix the Degree of Heat of boiling Water on the 
Thermometer, we muſt mention the Height of the Barometer at that time. 
For when the Barometer is very low, ſuppoſe at 28 Inches, a leſs Degree of 
Heat will make it boil, as it is preſs'd by a leſs heavy Atmoſphere; and a 
greater Degree will throw it off in Vapour. But when it is very fair Wea- 
ther, and the Barometer ſtands at near 34 Inches, a much greater Degree of 
Heat is requir'd to make it boil, it being then -preſs'd with near e more on 
account of the: Air's increas'd Weight. A greater Degree of Heat than what 
makes it boil. then will not remain in the Water, becauſe it will make it eva- 
porate. If the Water was preſs'd with a ſtill heavier Atmoſphere; it would 
require more Heat to make it boil, only becauſe it would keep its Parts more 
ſtrongly together; for it is not true that Water, as Water, is ndt capable of 
a greater Degree of Heat than what makes it boil : but Water as it is circum- 
ftanc'd, as it is preſs'd by an Atmoſphere not weighing above-+5 Pounds 11 
Ounces upon an Inch, is not capable of retaining a greater Degree of Heat, Gc. 
But if the Surface of the Water has a greater Reſiſtance than that of the Atmo- 
ſphere by being confin'd in a cloſe Veſſel, it is ſuſceptible of much more Hear. 
Profeſſor Muſcbenbroeł told me, that in Papin's Digeſter he made Water fo 
hot that it melted Lead. And I have often ſeen it melt the Solder, (made of 
Lead and Tin) which held together the Parts of the Copper Veſſel in which 
it was heated, when confin'd. We are forced to uſe what is call'd hard 
Solder, made of Spelter, or of Silver and Braſs; to make Braſs or Copper 
Veſſels hold the Water confin'd, and much heated, without melting in the 
Joints. l 6 | 1 | R 
a 'OxLs have a much ſtronger Coheſion of Parts than Water, eſpecially Lin- 
ſeed Oil, which requires four times. the Heat that Water does to make it 
boil. Water has ſo little Tenacity, that if it was not for the Preſſure of the 
Atmoſphere, à very ſmall Degree of Heat would ſeparate its Parts, and turn 
it into Vapour ; for when it is but a little hotter than new Milk from the 
Cow; upon tak ing off the Preſſure of the Atmoſphere by the Air- Pump, that 
ſmall Degree of Heat makes it evaporate. Nay, ſo little Tenacity in Water 
does any Experiment yet made ſhew, that I queſtion whether the Parts of Ma- 
ter touch one another any more than thoſe of Air, tho* they are generally nearer 
together than thoſe of Air, But dare not pronounce any thing concerning 
that Matter for want of ſufficient Experiments. The repellent Force of Wa- 
ter, as Water, (for here I take no notice of the Force that actuates its Particles, 
when turn'd to Steam) is immenſely great, tho' it reaches but a little Way; 
for the Attraction of Coheſion begins at a very ſmall Diſtance. It is the re- 
pulſive Force which makes Water. incompreflible ; and it is greater than the 
repulſive Force of Air at the ſame Diſtance. For from a'remarkable Experi- 
ment already mention'd, of Dr. Hales, it appears that the Particles of Air can 
be brought nearer together than thoſe of Water. I mean the Air — 
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the Bomb that he broke by freezing, which was about 1600 times denſer Annotat. 
than common Air, and conſequently twice denſer than Water. Page 245, Lect. X. 
246, 247, of this Book. Now let us conſider, ſince we have ſhewn the Wynn 
conſtituent Parts of Air to be bigger than thoſe of Water, whether it is | 
not poſſible for the Parts of Water not to touch one another, fince they 
could never be brought to a Denfity above half ſo great as Air has been 
brought to. 1 . 8 


12. [38. Theſe Philoſophers who aſſert the Being of an elementary Fire 
| aſſert a little too much.) In Dr. Hales's Vegetable Staticks, Vol. I. 
Page 28, & ſeq. you'll find Sir Iſaac Newton's Opinion and his about the 
Nature of Fire in the following Words “Is not Fire a Body 
« heated ſo hot as to emit Light copioufly ? For what elſe is a red-hot 
« ron than Fire? And what elfe is a burning Coal, than red-hot Wood? 
« Qu. 10. Is not Flame a Vapour, Fume or Exhalation heated red-hot ; 
« that is, ſo hot as to flame ? For Bodies do not flame without emitting a 
« copious Fume, and this Fume burns in the Flame. Some Bo- 
« dies heated by Motion or Fermentation, if the Heat grows intenſe, 
« fume copioufly ; and if the Heat be great enough, the Fumes will 
« ſhine, and become Flame: Metals in Fuſion do not flame for want of 
« a copious Fume, except Spelter, which fumes copiouſly, and thereby 
« flames: All flaming Bodies, as Oil, Tallow, Wax, Wood, Foſſil Coals, 
« Pitch, Sulphur, by flaming waſte and vaniſh iato burning Smoak ; which 
« Smoak, if the Flame be put out, is very thick and viſible, and ſome- 
times ſmells ſtrongly, but in Flame loſes its Smell by burning; and ac- 
* cording to the Nature of the Smoak the Flame is of ſeveral Colours, as 
that of Sulphur, blue; that of Copper open'd with Sublimate, green; 
« that of Tallow, yellow; that of Camphire, white; Smoak paſſing thro” 
Flame cannot but grow red-hot, and red-hot Smoak can have no other 
Appearance than that of Flame.“ | 

But Mr. Lemery the younger ſays, That the Matter of Light produces 
* Sulphur, being mix'd with Compoſitions of Salt, Earth, and Water, and 
„that all inflammable Matters are ſuch only in virtue of the Particles of Fire 
* which they contain. For in the Analyſis, ſuch inflammable Bodies pro- 
* duce Salt, Earth, Water, and a certain fubtile Matter, which paſſes thro? 
the cloſeſt Veſſels; ſo that what Pains foever the Artiſt uſes, not to loſe any 
* thing, he till finds a conſiderable Diminution of Weight. 

Now theſe Principles of Salt, Earth and Water are inactive Bodies, 
and of no Uſe, in the Compoſition of inflammable Bodies, bur to detain 
" — arreſt the Particles of Fire, which are the real, and only Matter of 
10 ame. | | bats f | | 6 

Ir appears therefore to be the Matter of Flame that the Artiſt loſes in 
* decompounding inflammable Bodies, Mem. de P Acad. Anno 1713.” 


Bur 


- 
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Annbtar, Bur by mapy of the preceding Experiments, it is evident, that the Mat. - 
Lad. ter loſt inthe Xnalyſis of theſe Jie was elaſtick Air, a very active Principle 
2 Fire, but not an elemental Fire as he be Ar . f We 


3 acid Salt, Komen: a lictle Earth 


M. Geoffrey compounged Sulphur of acic 
3.6 « and Ou of Tartar.” Mem, de ] Acad. Anno 1703. In which Oil of Tertgr 
there is myth Air, by Experiment 74 ; which, Air. was doubtleſs by its Elaſti- 


city very inſtrumental in the Inflammability of this artificial Sulphur. 
Ir Fire was a particular diſtin kind of Body inherent in Sulphur, as M. 
Homberg, Mr. Lemery, and {ſome others imagine, then fuch ſulphureous Bodies, 
when jgnited, ſhould rarefy and dilate all the circumambient Air; whereas it 
is found by many of the preceding Experiments, that acid ſulphureous Fuel 
conſtantly attracts and condenſes a conſiderable; Part of the circumambien 
elaſtick Air. An Argument, tkat there is no Fire endued with peculiar Pro- 
perties inherent in Sulphun; and alſo that the Heat of Fee rincipally 
in the briſk vibrating, Action and Re, action, between the elaſtick repelling 
Air, and the ſtrongly attracting acid Sulphur, Which Sulphur in its Analyſis 
is found to contain an inflammable Oil, and acid Salt, a very fix'd Earth, and 
a little Meta. 75 5 * | 


Now Sulphur and Air are ſuppoſed. to be afted by that ethereal Medium, 
by which (the great Sir aac Newton ſuppoſes) Light is refracted and re- 
s flected, and by whoſe Vibrations Light communicates Heat to Bodies, and 
WY 1 Fits of eaſy Reflection and eaſy Tranſmiſſion: And do not the 
„ Vibrations of this Medium in hot Bodies contribute to the Intenſeneſs and 
« Duration of their Heat? And do not hot Bodies communicate their Heat 
** to contiguous cold ones, by the Vibrations of this Medium, propagated 
from them into cold ones? And is not this Medium exceedingly more rare 
e and ſubtile than the Air, and exceedingly. more elaſtick and active? And 
«© does it not readily pervade all Bodies? :Opzicks Ty Br The elaſtick Force 
of this Medium, in proportion to its Denſity, muſt be above 490,000,000,000 
* times greater than the elaſtick Force of the Air is, in proportion to its Den- 
% ſity, Ibid. Qu. 21.” A Force ſufficient to give an intenſe Degree of Heat, 
eſpecially when its Elaſticity is much increaſed by the briſk Action and Re- 
action of Particles of the Fuel and ambient Air, 8 E 
From this manifeſt Attraction, Action, and Re- action, that there is be- 
tween the acid, ſulphureous, and elaſtick aerial Particles, we may not unrea- 
ſonably conclude ; that, what we call the Fire- Particles in Lime, and ſeveral 
other Bodies, which have undergone the Fire, are the ſulphureous and elaſtick ' 
Particles of the Fire fixed in the Lime; which Particles, while che Lime was | 
hot, were in a very active, attractive, and repelling States and being, as the 
Lime cooled, detained in the ſolid Body of the Lime, at the ſeveral attract 


» 
o 


ing and repelling Diſtances they jthen happened to be at, they muſt neceſſa- 

rily continue in that fixed State, notwithſtanding the æthereal Medium, which 

is ſuppos'd freely to pervade all Bodies, be continually ſoliciting them to Acr 

tion: But when the ſolid Subſtance of the Lime is diſſolved, by the Affuſion 

of ſome Liquid, being thereby emancipated, they are again at liberty to be 

influenced and agitated by each other's Attraction and Repulſion, m—_ 
W 


* 


— 
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which a violent Ebullition enſues, from the Action and Re- action of theſe Annotat · 
Particles; which Ebullition ceaſes not, till one Part of the elaſtick Particles Lect. X. 
are ſubdued and fixed by the ſtrong Attraction of the Sulphur, and the other 
Part is got beyond the Sphere of its Attraction, and thereby thrown off into : 
true permanent Air: And that this is a probable Solution of the Matter, there 
is good Reaſon to conclude from the frequent Inſtances we have in many of 
the foregoing Experiments, that Plenty of elaſtick Air is at the ſame time 
both generated and abſorbed by the ſame fermenting Mixture; ſome of which 
were obſerved to generate more Air than they abſorbed, and others è contra, 
abſorbed more than they generated, which was the Caſe of Lime. | 


EXPERIMENT 119. 

Ax that the ſulphureous and atrial Particles of the Fire are lodged in: 
many of thoſe Bodies which it acts upon, and thereby conſiderably augments 
their Weight, is very evident in Mimum or red Lead, which is obſerved to- 
increaſe in Weight about ;*; Part in undergoing the Action of the Fire; the 
acquired Redneſs of the Minium, indicating; the Addition of Plenty of Sul- 

nur in the Operation: For Sulphur, as it is found to act moſt vigorouſly on 
Light, ſo it is apt to reflect the ſtrongeſt, viz. the red Rays; and that there 
is good Store of Air added to the Minium, I found by diſtilling firſt 1922 
Grains of Lead, from whence I obtained only ſeven cubick Inches of Air; 
but from 1922 Grains, which was a cubick Inch of red Lead, there aroſe in- 
the like Space of Time 34 cubick Inches of Air; a great Part of which Air 
was doubtleſs abſorbed by the ſulphureous Particles of the Fuel, in the rever- 8 
beratory Furnace, in which the Minium was made; for by Experiment 106, 'V; 
the more the Fumes of a Fire are confined, the greater Quantity of elaſtick C 
Air they abſorb. ö 

IT was therefore doubtleſs this Quantity of Air in the Minium which burſt = 
the hermetically ſealed Glaſſes of the excellent Mr. Boyle, when he heated the- 1 
Minium contained in them by a burning Glaſs; but the pious and learned 
Dr. Nieuwentyt attributes this Effect wholly to the Expanſion of the Fire- Par- 
ticles lodged in the Minium. He ſuppoſing Fire to be a particular Fluid: 
Matter, which maintains its own Effence, and Figure, remaining always: 
Fire, tho' not always burning.“ Religious Philoſopher, p. 310. 

To the ſame Cauſe alſo, excluſive of the Air, he attributes the vaſt Expan- 
hon of a Mixture of compound Aqua-fortis and Oil of Carraways, whereas by 
Exper. 62. there is a great Quantity of Air in all Oils. And by pouring, 
ſome compound Aqua- fortis on Oil of Cloves, the Mixture expanded into a 
Space equal to 720 times the Bulk of the Oil, that Part of the Expanſion, 
which was owing to the watery Part of the Oil and Spirit, was ſoon contract- 
ed; whereas the other Part of the Expanſion, which was owing to the elaſtick 
Air of the Oil, was not at all contracted till the next Day, by which time the- 
ſulphureous Fumes had reſorbed it. 
| The learned Boerbaave would have it, that Putrefaction is the Effect of 
inherent Fire. He ſays, * That Vegetables alone are the Subject of Fermen- 
tation, but both Vegetables and Animals of Putrefaction; which Opera- 

Vor. II. B b b tions 


4 Courſe of E xperimental Philoſophy. 


Annotat. “ tions he attributes to very different Cauſes : the immediate Cauſe of Fer. 


© mentation is (he ſays) the Motion of the Air intercepted between the Avid 


and viſcous Parts of the fermenting Liquor; but the-Cauſe of Putrefaction 


is Fire itſelf, collected or included within the putrefying Subject, Proceſ. 
7.“ But I do not ſee why theſe may not reaſonably enough be looked 
upon as the Effects of different Degrees of Fermentation; Nutrition bein 
the genuine Effect of that Degree of it, in which the Sum of the attractin 
Action of the Particles is much ſuperior to the Sum of their repulſive Power 
But when their repelling Force far exceeds their attractive, then the compo. 
nent Parts of Vegetables are diſſolved. Which diſſolving Subſtances, when 
they are diluted with much Liquor, do not acquire a great Heat in the Diflo. 
lution, the Briſkneſs of the inteſtine Motion being check'd by the Liquor : 
But when they are only moilt, like green and damp Hay, in a large Heap, 
then they acquire a violent Heat, ſo as to ſcorch, burn, and flame, whereb 
the Union of their conſtituent Parts being more thoroughly diſſolved, they 
will neither produce a vinous, nor an acid Spirit. Which great Degree of So- 
lution may well be effected by this means, without the Action of a Fire, ſup- 
poſed to be included within the putrefy ing Subject. Wherefore, according to 
che old Axiom, Entia non ſunt temere neque abſque neceſſitate multiplicanda. 


13. [44. Machine for taking Levels.) In Phil. Tranſat. Ne 385. you 
will find the following Account of my Machine for taking Levels. 

(1.) Tha the Air- Thermometer is alſo a Barometer, has been obſerv'd 
long ago; and becauſe the Liquor in it will riſe and fall, as well by the Change 
of the Weight of the Air, as by the Air's Rarefaction by Heat and Cold, this 
Inſtrument has no longer been made uſe of as a Thermometer, and in its Stead 
Spirit of Wine-Thermometers hermetically ſealed have been uſed ever ſince. 

Bor becauſe the Errors of the Air-Thermometer, (or its Difference from 
the Spirit- Thermometer) depend only upon the Change of the Weight of the 
Atmolphere from what it was, when the two Thermometers were ſet at the 
ſame Degree of their reſpective Scales; the late Dr. Hooke contriv'd an In- 
ſtrument, that he call'd a Marine Barometer, made of a Combination of the 
two above mention'd Thermometers, in ſuch manner that a third Scale being 
made uſe of to obſerve the Difference of the two Thermometers, thereby the 
Change of the Air's Gravity, and conſequently Storms, Rains and fair Wea- 
ther, might be foretold at Sea, where the Quickſilver Barometer becomes 
uſcleſs by the ſhaking of the Ship. 

Ds. Halley, ſome Years ago, publiſhed two Tables to ſhew how much the 
Mercury in the Barometer would ſubſide, when the Inſtrument is carried up 
to determinate Heights above the Level of the Place where the firſt Obſerva- 
tion was made; but as he makes only one tenth of an Inch of Fall of Mer- 
cury, to correſpond with an Height of go Feet (which Height is rather of 
the leaſt) it is evident that only very high Hills and Mountains can have 
their Heights determined by this Method. The ſame learned Profeſſor has 
lately, in the Philoſophical Tranſacbions, propoſed Mr. Patrick's Pendent Ba- 
rometer, for taking the Level of diſtant Places, becauſe the Mercury . = 


Expanſion of the Air in the Bottle at B, that the Liquor roſe a Tenth of an 
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Tube of the ſaid Barometer, does ſometimes riſe and fall a Foot or a Foot Annotar. 
and a half: If therefore the Motion of the Mercury in this Barometer, be five Le&. X. 
times more ſenſible than in the common one, a tenth of an Inch of Fall or 
the Mercury, will anſwer to an Height of 18 Ftet; and therefore ſuch an In- 
ſtrument might be of uſe in taking the Levels of diſtant Places. But I know 
by many Experiments that this won't anſwer in Practice; becauſe as the Tube 
of ſuch a Barometer is of a very ſmall Bore, the Attraction of Coheſion, 
whereby the Mercury is apt to adhere to the Tube, will diſturb the Motion 
of the Mercury cauſed by the different Preſſure of the Atmoſphere ; ſo that 
ſetting up this Barometer ſeveral times ſucceſſively in the ſame Place, it will 
often differ a Tenth of an Inch, or more; and if ic be ſhaken, as is commonly 
done to ſet it right, the Mercury will ſometimes part, and a Drop of it fall 
from the reſt; fo that it is leſs to be depended upon for this Uſe, than the 
common Barometer. 

Ma. Stephen Gray. has often made a very ſenſible Barometer in the fol'ow-- 
ing manner: Into a Bottle C B (Fig. 11.) he fixes a Tube A B, Plate 23. Fig. 
11. of a very ſmall Bore, open at both Ends, and cemented tight to the 
Neck of the Bottle at C; then having warm'd the Bottle with the Hand to 
drive ſome of the Air out of it, he immerges the End A into Water ting'd 
with Cochineal ; ſo that as the Air cools in the Bottle C B, ſome of the red 
Water is forced into the Bottle: then ſetting the Bottle upright again as in the 
Figure, the Liquor in the Bottle will ſtand at B, (above the End of the Tube) 
and that in the Tube at D; but if it ſhould ſtand higher or lower than D, it 
may be brought to that Place by ſucking or blowing at A. The Inſtrument 
thus prepar'd, if it be firſt ſet on the Ground, and a ſpringing Ring of fine 
Wire flipped on the Tube down to D, by Way of Index, and then ſet upon 
any Table or other Place ſcarce a Yard higher, one may obſerve that the 
Liquor is riſen ſenſibly. I have ſeen it riſe a Quarter of an Inch, when the 
Bottle was ſet but a Yard higher than where it ſtood before; ſo that the Co- 
jumn of Atmoſphere that preſs'd down the Tube, whilſt the Machine was on 
the Ground, being ſhorten'd only three Feet, was ſo over-balanced by the 


Inch above D. There is indeed a great Uncertainty in this Inſtrument ; for 
ſince it is a Thermometer as well as a Barometer, the Warmth of the Hand that 
touches it, or even comes near it, will make it riſe, if the Air in the Bottle 
was cold before. Mr. Gray therefore contriv'd to put the Bottle C B into the 
Veſſel FE which he fill'd with Sand; that in raiſing the Inſtrument, and 
moving it up and down, the Air in CB might continue in the ſame State, and/ 
the Machine be only a Barometer during the Experiment. This ſeems to bid 
fair for an Inſtrument, whereby the different Levels of Places may be taken; 
but upon a nice Examination, it will be liable to Error: for in the firſt Place, 
tho" Sand is not altered in its Heat or Cold ſuddenly, yet in two or three 
ours, as it is carried into a warmer or colder Place, it will become hotter or 
colder, and the leaſt Degree of Heat or Cold communicated to the Air C B, 
will alter the Height of the Liquor at DO. When the Inſtrument is made ſo 
ſenſible, as I I have mentioned, then if in carrying the Inſtrument it ſnould 
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Annotat. aecidentally be inclin'd (as in Fig. 12.) fo that the Liquor in the Bottle ſhould 
Lect. X. not cover the Bottom of the Tube at B, ſome Liquor may fall out of the 
L—— ] Tube at B, or ſome Air may get into it; each of which Accidents; will quite 

x vg ſpoil the Experiment. But if this Machine be made portable, without any 

. n Th 5. Inconveniency, and be ſecur'd againſt the Action of Heat and Cold (or which 

ꝝꝝIzs the ſame, if the Alterations by Heat and Cold be exactly allow'd for) it will 

be of very great Uſe and Certainty in taking the Levels of diſtant Places, pro- 

vided they be not ſo far diſtant from each other, that it requires above ix 

Hours time to carry the Inſtrument from one Place to another; nay, ver 

+ diſtant Places, even at two or three Days Journey from one another, may be 

taken tolerably well with two Inſtruments, nicely adjuſted to each other, if 

they be taken Notice of by two Obſervers at the ſame Hour, in fair Weather, 

and when there is no Wind. Now, ſuch an Inſtrument, I hope, I have con- 

trived, whereby the Difference of Level of two Places, which could not be 

taken in leſs than four or five Days with the beſt Teleſcope Levels, may be 

taken in as few Hours. To the Ball C (Fig. 13.) is join'd a recurve Tube 

BA, of a very fine Bore, with a ſmall Bubble at Top at A, whoſe upper Part 

is open. It is evident from the Make of this Inſtrument, that if it be inclin'd 

in carrying, no Prejugice will be done to the Liquor, which will always be 

right both in the Ball and the Tube when the Cans is ſet upright: If 

by Heat, the Air at C be ſo expanded, as to drive the Liquor to the Top of 

the Tube, the Cavity A will receive the Liquor, which will come down again 

and ſettle at D, or near it, according to the Level of the Place where the la- 

ſtrument is, as ſoon as the Air at C returns to the ſame Tenour in reſpect to 

Heat and Cold, to preſerve the ſame 4 of Heat when the different Ob- 

ſervations are made. The Machine is fix'd in a Tin Veſſel F E, filled with 

Water up to g H, above the Ball; and a very ſenſible Thermometer has alſo 

its Ball under Water, that one may obſerve the Liquor at D, in each Experi- 

ment, when the Liquor in the Thermometer ſtands at the ſame Height as be- 

fore. The Water is pour'd out when the Inftrument is carried, which one 

may do conveniently by means of the wooden Frame of Fig. 4. which is ſet 

upright by means of three Screws; ſuch as 8, and a Line and Plummet. PP, 
the back Part of the wooden Frame, is repreſented by Fig. 17. where, from # 

a Piece at Top, K, hangs the Plummet P, over the Braſs Pointat N: Mm 

are Brackets to make the upright Board K N continue at Right Angles with 

the horizontal one at N. The 16th Figure does likewiſe repreſent the wooden 

Frame and Screws. The 15th Figure repreſents the Machine ſeen in Front, 

ſuppoſing the Fore-part of the Tin- Veſſel tranſparent; and here the Brals 

Socket of the recurve Tube, into which the Ball is ſcrew'd, has two Wings 

at II fix'd to the Bottom, that the Ball may not break the Tube by its en- 

deavour to emerge when the Water is pour'd in as high as g 6, After ! 

had contriv'd the Machine, as above-mention'd, I conſider'd, that as the 

Tube is of a very ſmall Bore, if the Liquor ſhould riſe into the Ball A in 

carrying the Inſtrument from one Place to another, ſome of it would ſtick to 

the Sides of the Ball A, and that upon its Deſcent, in making the Experiment, 

ſo much might be left behind, that the Liquor would not be high enough Ty 

, 


e 
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D, to ſhew the Difference of Level; therefore to prevent that Inconveniency, Annotar. 
I have contriv'd a Blank Screw to ſhut up the Hole at A, (Fig. 13, and 18.) Lect. X. 
as ſoon as one Experiment is made, that in carrying the Engine the Air in A 
may be in Balance with that in C, ſo that the Liquor ſhall not run up and 
down the Tube whatever Heat and Cold may act upon the Inſtrument, in go- 
ing from. one Place to another. Now, becauſe one Experiment being made 
in the Morning, the Water may be ſo cold that when a ſecond Experiment is 
made at Noon the Water cannot be brought to the ſame Degree of Cold that 
it had in the Morning; therefore in making the firſt Experiment, warm Wa- 
ter muſt be mixed with the cold, and when the Water has ſtood ſome time, 
before it comes to be as cold as it is likely to be at the warmeſt Part of the 
Day, obſerve and ſet down the Degree of the Thermometer at which the 
Spirit ſtands, and likewiſe the Degree of the Water in the Barometer at D; 
then ſcrew on the Cap at A, pour out the Water and carry the Inſtrument to 
the Place whoſe Level you would know, there pour in your Water; and when 
the Thermometer is come to the ſame Degree as before, open the Screw at Top 
and obſerve the Liquor in the Barometer. My Scale for the Barometer is ten 
Inches long, and divided into Tenths, ſo that ſuch an Inſtrument will ſerve 
for any Heights not exceeding ten Feet, each Tenth of an Inch anſwering to 
a Foot of Height. N. B. I have not made any Allowance for the Decreaſe of 
Denſity in the Air, becauſe I don't propoſe this Machine for meaſuring Moun- 
tains, (tho' with proper Allowance for the decreaſing Denſity of the Air it will 
do very well) but for Heights to be known, Gardens, Plantations, and the 
Conduct of Water, where an Experiment that anſwers to two or three Feet in 

2 Diltance of twenty Miles, will make this a very uſeful Inſtrument. 


Hee it will not be improper to add a Contrivance of Fabrenbeit's, of a 
Mercurial Thermometer turn'd into a Barometer, communicated by him in the 
_ Philoſophical Tranſactions, N* 385. Here follows the Trapſlation of his 

eſcription : | 

Is the Account I gave of ſome Experiments concerning the boiling of 
ſome L.iquors, which I tried, I mentioned that the Degree of boiling Watet 
was confined within the Term then mentioned, namely of 2123 afterwards I 
learned by various Obſervations and Experiments, that that Term, when the 
Weight of the Atmoſphere remained the ſame, was fix'd enough; but that 
the Weight of the Atmoſphere varying, that Term might alſo differently 
vary. I ſhould now give the Experiments made with that view z but becauſe 
I want ſtill to learn certain Circumſtances, I will defer the giving an Account 
of them to another time, and in the mean time only make mention of a Thet- 
mometer, which perhaps may be as fit to find out the Atmoſphere's Gravity 
— „ if not fitter. The Draught of it is to be ſeen, Plate 2 3. Plat 23. 

g. 18. ig. 18. 

To the Cylinder A B is join'd the Tube B C, to which is added an ob- 
long Globe CD, and to that a little Tube with a very ſmall Hole DE. Let 
the Cylinder be fill'd with any Liquor that will bear the Heat of boiling Wa- 
ter. In the Tube B C the Degrees of Heat in the Air will be meaſur'd — 
3 e 
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Annotat. the annex'd Scale 3c. Now if that Thermometer be put upon boiling Was 


Lect. X. ter, the Liquor of the Thermometer will not only fill the Globule C B, but 
also riſe. to the different Terms of the little Tube DE, according to the De- 


go. 


ree of Heat which the Water in the time of the Experiment will acquire 
from the Weight of the Atmoſphere. So that, if for Example at the time of 
the Experiment the Height of the Mercury in the Barometer be of 28 Londen 
Inches, the Liquor in that Thermometer will come to the loweſt Place of the 
Tube DE; but if the Gravity of the Atmoſphere be equipollent to an 
Height. of Mercury of 31 Inches, the Liquor raiſed by the Heat of boilin 
Water will go up to the Top of the Tube DE; but the various Terms 
the Heat of boiling Water will not be meaſur'd by Degrees, but inſtead of 
them by the Number of Inches, by which the _— of the Mercury in Baro- 
meters is commonly meaſur'd, namely by Help of the added Scale de. 
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HYDROSTATICKS. 


Of the Air-Pump, Condenſing Engines, and Wind-Gun. 


; AVING treated of moſt of the Properties of the Air, and ex- Led. XI. 
H plain'd the Inſtruments relating to the Weather, as Barometers, Coymny 


Thermometers, and Hygrometers; we havenothing farther todo 
in relatoin to our Hydroſtaticks and Pneumaticks, but to illuſtrate far. 
ther what has been explain'd and demonſtrated, by deſcribing the Air- 
Pump, and giving go of the moſt entertaining Experiments upon that 
Machine, which will enable the Reader to make 500 more if he pleaſes. 

Wr ſhall then ſhew the Manner of condenfing Air, and deſcribe ſe- 
veral Machines for that Purpoſe; and conclude with ſome Miſcellaneous 
Phznomena and Obſervations concerning the Air, takingin what conld - 
not properly be confider'd any where elle. | 


A Deſcription of the Alx- Pur. Plate 24. Fig. 1. 


Tur Air-Pump (repreſented in Plate 24. Fig. 1.) conſiſts of two Braſs Plate 24. 
Barrels or Cylinders, as repreſented by aaa, twelve Inches in Height, and Fs. 1. 


two their Diameters within. The Suckers, or Emboli, are raiſed and de- 
preſſed, by turning the Winch 5 b backward and forward. The Winch 
is faſten'd to a Spindle, that paſſes thro a Lantern, whoſe Pins perform 
the Office of Cogs; for in its Motion, they lay hold on the Teeth of 
the Racks ccc, and ſo reciprocally as one is depreſs'd, the other is ele- 
vated: By which means the Valves, which are made of limber Bladder, 
and fix'd on the upper Part of each Embolus, as well as at the Bottom 
of the fore-mention'd Cylinders, perform their Offices mutually of ex- 
hauſting and diſcharging the ſame Air, taken from the Reeipient or Re- 
ceiver on the Plate of the Pump. And when the Recipient comes to be 
pretty well exhauſted of its contain'd Air, the Preſſure of the outward 
Air on the deſcending Sucker is nearly fo great, that the Power requir'd 


to 


i 
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Le&. XI. to raiſe the other is very little more, than what ſurmounts the Friction of 
w—Y— the moving Parts; which renders this Pump preferable to all others; for, 
in the working of them, the nearer they approach a Vacuum, the greater 
is their Labour : But this that Iam now defcribing (under the fame 
Circumſtances) 1s quite contrary. 
Tux Bottom of the Barrels are placed in a Braſs Diſh, repreſented by 
4 d, whoſe Sides are about two Inches high, and is on Purpoſe to put 
Water in, to keep the Leather Collars (on which the Braſs Cylinders 
ſtand) moiſt, whereby the Air is prevented from inſinuating into the Cy. 
linders in thoſe Parts. The Cylinders are ſcrew'd down on the ſame by 
the Nuts e e e e, which force the Frontiſpiece f down on them, thro' 
which the two Pillars gg gg paſs: The Pillars have an Iron belongingto 
each of them, and paſs from them inthe Form of aSwan's Neck, defcrib'd 
by g g. which Irons are faſten'd to the hinder Part- of the Frame, for 
their better Security from ſhaking. 
| FRoM between the two Braſs Barrels ariſes a Braſs hollow Wire Hh, 
which hath a Communication with each of them, by means of a perfo- 
rated Piece of Braſs, which lies along horizontally from one to the other. 
The upper End of this hollow Wire is faſten d to another Piece of perfo- 
rated Braſs u, which ſcrews on underneath the Plate EF, which is ten 
Inches over; and has a Braſs Rim ſolder'd on it, to prevent the ſhedding - 
of Water; for which there is occaſion in ſeveral Experiments. Between 
the Middle and the Side of this Plate ariſes a ſmall Pipe , about an Inch 
and half in Height, thro' which into the fore-mention'd hollow Wire 
afſes all the Air into the Barrels, as it is taken from the exhauſting 
33 Upon the Plate of the Pump is always laid a wet Leather, on 
which the Recipients are placed: This wet Leather prevents the Airs 
getting into the Glaſſes, whoſe Edges are truly ground, and is of uſe for 
that Purpoſe beyond any Cement whatſoever, and not only ſecures it 
from the Air's Ingreſs that Way, but by the Uſe of it we can make ſe- 
veral Experiments in the ſame time they formerly could make one, with- 
out any daubing or Difficulty. Another Excellency in this Pump is, the 
Contrivance of the Gage, denoted by 1/1], which Gage is a Glaſs Tube 
about 34 Inches long, and is fo placed that it cannot caſily receive Da- 
mage, and is altogether out of the Way of any thing that is experimented 
on the Pump. 

ITs lower Orifice is plung'd in a Glaſs of Mercury deſcrib'd by m &, 
on the Surface of which is laid a Piece of Cork with a Hole in the Middle 
for the Glaſs Tube to paſs through. On this Cork is placed a Board made 
of Box Wood, about an Inch in Breadth, and groov'd in the Middle to 


receive the fore-mention'd Glaſs Tube, which is looſely loop'd on to ” 


* 
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fame by two Braſs Loops, that it may have the Liberty of riſing and fall- 
ing as the Mercury aſcends or deſcends in the Gage. To the upper Part 
of this Tube is cemented a Braſs Head, which Braſs Head fits into the 
fore-mention'd perforated Braſs-Piece, that is ſcrew'd on under the Plate, 
and has a Communication, as well with the Recipient on the ſame, as 
with the hollow Braſs Wire % paſſing between the two Barrels. 
The Box Board is graduated into Inches and Quarters, from the Surface 
of the Quickſilver to 28 Inches high: From thence tis divided into 
Tenths of Inches. 

By this Gage the Degrees of Rarefaction in any Inſtrument are at all 
times moſt nicely to be obſerved. The Air-Cock , which lets in the 
Air, is likewiſe a Screw on the ſame fore- mentioned perforated Braſs, in 
which the upper Parts of the Gage and hollow Wire are inferted. ff 
here and 0000 (Fig. 4.) repreſents a Receiver ſtanding on the Place 
of the Pump, on whoſe upper Part pp, thro' a Box of Collars of Leather, 
paſſes a Slip-wire, whoſe Office is to take up, let fall, or ſuſpends In- 
thing at any determinate Height, in the Receiver, without the Air any 
ſinuation. When Motion is to be given to Bodies in vacuo, without let- 
ting in the Air, the two Pillars K K are to be ſcrew'd on upon the Pump, 


to hold a Croſs-Board, whoſe Under-Side is arm'd with a Braſs or Iron 


Plate to receive the upper Part of an Iron Axis, which carries a Pulley 22 
fix d to it to receive a Rope coming from a Wheel, (not repreſented here, 
but ſuppoſed big enough to give this Pulley a very rapid Motion) from 
whoſe Frame, Braces K L are carried againſt the Pillars to keep the Pump 
ſteady. The. Axis g þ goes thro' a Braſs Diſh zz upon the Receiver, 
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which has a Collar of oil'd Leathers with Water at the Top, to prevent 


the Paſſage of Air into the exhauſted Receiver f. hh is a Piece to 
taſten any Bodies to, that are to have a Motion given them. For which 
Purpoſe alſo the Pieces of Fig. 31. Plate 25. are to be uſed. At other 
times Receivers like 0000 are to be uſed upon the Plate of the Pump. 

Mr. William Vream, who was my Operator for Philoſophical Ma- 
chines, alter'd Mr. Hawkſbee's Pump fo as to have the Handle turn round 
always one Way in its Operation, by means of a Crank, which by two 
leading Pieces gives the Wheel that moves the Racks, a Motion of two 
Thirds of its Circumference every time the Crank goes round, whereby 
the Strokes are quicker tho' ſhorter, as may be ſeen in Figure 2, and 3. 
War Advantages he thought he gave Hawk/bee's Pump by it, take 
in his own Words. After he had copied Haw#/bee's Deſcription of his 
Pump (the Deſcription thus given) he ſays, Es, 

Tuvs far Mr. Hawk/bee has deſcrib'd the Pump; which I hope I 
have ſince improv'd by a Contrivance, whereby in turning the Winch 

Vo. I, Ccc © quits 
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Plate 24. 
Fig. 2, 3. 


Band or String Mm, which going round the Pulley m, makes the Axis 


bs 
q 


ee Eerie! Pligg, 


Lect. XI. “ quite round, the Embolj or Piſtons are alternately raiſed and deprefſe' 
ons 6d. Mins * whereas in Mr. Hawkſbee's Way, the moving of the Hand backws; 


* and forward is not only more troubleſome, but ſhakes the Pump; be. 
&« caule it is requir'd to preſs the Piſtons hard againſt the Bottom-piece 


* under the Barrels to diſcharge the Water from the Valves at eve 


* Stroke. Beſides, if the Pump ſhould at any time happen to leak, when 


an Experiment ſhould be made in haſte ; you may exhauſt fo faſt this 


« Way, as to make your Experiment without being at the trouble to 
pull the Pump to-pieces, in order to make it tight; except in ſuch 
“ Caſes, as require the Recipient to be perfectly exhauſted.” 


N. B. Tux 2d and 3d Figure of Plate 24, ſhew wherein Yrean's 
Improvement conſiſts. A W repreſents the Wheel whoſe Teeth take 


thoſe of the Racks R R, which terminate in Rods that move the Piſtons 


in the Barrels BB. Pe is a Leader, whereby the Crank Oc turn'd by the 
Handle H (repreſented by Cc cc H, in Fig. 3.) carries the Wheel from 


the Point P to the Point o at every Stroke, ſo as to employ one Third of 


its Teeth on each Side, in raifing and depreſſing the Racks. Here the 
Racks are ſhorter, and the Wheel bigger than is uſual in Haube 
Pumps. ccc is the Circle deſcrib'd by the Bend of the Crank that ca- 
ries the Leader, which Circle muſt always be leſs than that mark'd with 
Points om, on the Wheel of which the Pin Pat the End of the Leader 
deſcribes a third; otherwiſe the Crank might jam in its Motions. Cc, Cc, 
and Ce are three Pofitions of the Crank, and co, c m, &c. of the Leader. 
The Leader conſiſts of two parallel and ſimilar Pieces, taking the Wheel 
on each Side; as may be ſeen in Fig. 3. where cP, c P repreſents thoſe 


Pieces, join'd by the Crank at cc, and the Pin at PP with the Wheel 


W between, whoſe Axis is at A. CC is the Axis of the Crank, and H 


its Handle. | 


Hers Notice is to be taken, that the Receiver of Hg. 4. is moſtly 


uſed upon the Air-Pump, LH repreſenting a Wire which flips up and 


down thro' the Collar of oil'd Leathers at C, with an Hook at H to hold 
a Body at any Height in vacuo, and lift it up and down without Ad- 
miſſion of the outward Air. The 25th Plate repreſents many other Re- 
ceivers, and the manner of making the Experiments ſuitable to them. 
What is now on the Pump, is a Receiver, on purpoſe to give Bodies a 
ſwift Motion in vacuo, which we have drawn here upon the Pump, be- 
cauſe the manner of fixing it requires a particular Deſcription, which 
follows : | | 
From a large Wheel at ſome Diſtance (not drawn here) comes the 
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of it, with whatever is fix d to it within the Receiver, turn round 20 Lect. XI. 
times at every Revolution of the great Wheel. Now leſt fo ſwift a 
Motion ſhould let in the external Air, there are two Pillars K K, K K, 
ſcrewed to the Pump on the Outſide of the Receiver, with a Board, on 
whoſe Underſide is a ſtrong Piece of Braſs to take in the End of the Steel 
Axis g bb, the other End of it bearing on and in a Piece within the Re- 
ceiver at &, ſcrewed to the Plate of the Pump on that occaſion, : i is a little 
Diſh to hold Water, the better to keep moiſt a Collar of oil'd Leathers 
in the Middle of it, thro' which the Axis paſſes, (not drawn here) to 
keep out the Air. From the Frame of the great Wheel come two 
Braces againſt the Pillars K K, K K, to keep all firm, whoſe Ends only 
are ſeen 4 mark d LL, N. B. The Pulley and Axis of this Machine 
and Spring to hold Flints to firike againſt Steel in vacuo, are repreſented 
in the z iſt Figure of Plate 2 5. and deſcribed in their proper Place. 


EXPERIMENT S 7 ſhew the Expanſion of the Air, by its Spring, 
| or Elaſticity. 


I. TAKE a Bladder and ſqueeze out the Air, ſo as to leave only what 

remains in the Folds of the Bladder ; then tie it cloſe and ſeal it, 

ſo that the Air cannot eſcape. Lay the Bladder on the Air-Pump, and ſet 

a Receiver over it ; then exhauſt the Receiver, and the Air in the Bladder 

will expand itſelf ſo as to blow up the Bladder ; when you let in the 

Air, the Bladder will return to its j. Shape: Which ſhews the Ex- 
panſion of the Air by its Spring or Elaſticity. Plate 25. 2 1. 

2. To know how much the Air expands itſelf, take a Glaſs Bubble, 
of about an Inch Diameter, with a Stem of about ſix or eight Inches, fill il 
it almoſt all full of Water, except a very ſmall Bubble of Air; then in- 4 
verting this Bubble or Bolt-Head into a Jar of Water, cover the whole 4 
with a Receiver, which exhauſt, and the little Bubble of Air will expand 
itſelf: So that by comparing the Bigneſs of the ſaid Bubble of Air as it 
was at firſt, to its Bigneſs when expanded, you will know the Proportion 
of the Expanſion of Air. Plate 25. Fig. 2. 

3. Take an Egg and break off evenly about a third Part of the Shell 
at the little End, and put the Volk and White out of the Shell, and at 
the Bottom you will ſee a ſmall Bubble of Air, which lies between the 
Skin and the Shell; ſet the Egg up in ſome little open Glaſs on the Pump, 
and put a ſmall Receiver over it, and when you exhauſt the Receiyer, 
the Air in the Shell will expand itſelf, and raiſe up the Skin, ſo as to fill 
the Shell, and appear like a whole Egg. Or take an Egg and make a 
imall Hole in the little End, and invert it in a ſmall Glaſs, and ſet it on 
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the Plate, and ſet a Receiver over it, and when you exhauſt the Receiver; 
the Air in the Bubble will expand itſelf, ſo as to force all the Egg out of 
the Shell through the Hole in the End; then let in the Air, and if the 
Shell be kept down, it will all return again into the Shell; which like. 
wiſe ſhews the Expanſion of the Air by its Spring. Plate 25. Fig. z. 

4. TAKE the Flint-Glaſs Bottle with the Braſs- Head, and put alittle 
Mercury in the Bottom, then take the long ſmall Tube which is madefor 
that Purpoſe, and ſcrew it into the Hole, ſo that the End may almoſttouch 
the Bottom of the Bottle ; then ſetting the Receiver with the large Tube, 
to cover the ſmall one over Bottle and Tube, as you exhauſt it you will ſee 
the Mercury riſe in the Tube, according to the Expanſion of the Air in 
the Bottle, which (when the Receiver is quite exhauſted) will ſtand at 
the Height of the Mercury in the common Barometer. N. B. The ſmall 
Tube muſt be open at both Ends. | 

N. B. If you compare the Height of the Mercury in the Gage under 
the Pump, with the Height of the Mercury in the Tube of the Bottle 
aboveſaid, they will appear to be of the ſame Height, which ſhews that 
the Spring of the Air is juſt equal to the Preſſure of the Atmoſphere. 
Plate 25. Fig. 4. 

5. TAKE Glaſs Bubbles and hollow Glafs Images, ſo far fill'd with 


Water as to make them fink in a Jar of Water, the whole being ſet un- 


der a Receiver; and upon drawing out the Air the Bubbles and Images 
will rife up to the Top of the Water, but fink down again as you let in 


the Air. Plate 25. Fig. 5. | 


6. Tur ſame Experiment may be made by a Bladder half fill d with 
Air, and juſt funk with Weights. | : 

7. TAKE a Bladder and ſqueeze out ſome of the Air, fo that it will 
go into a wooden cylindrick Box, then lay a Plate of Braſs over the Blad- 
der, and fcrew a Wire into the Middle of the Plate, about 9 Inches high, 
lay on that Plate Lead- Weights, of what Weight you pleaſe, with Holes 
in the Middle to receive the Wire; put it on the Pump with a large Re- 
ceiver over it all, then the Receiver being open at the Top, lay on a wet 
Leather and a Plate of Braſs, with a Piece of hollow Wire in the Middle 
to receive the Wire in the other Plate, and to go alſo into the Holes of 
the Weights ; then exhauſt the Receiver, and the Air in the Bladder will 


expand itſelf, and raiſe up the Weights, though you have above forty 
Pounds; then let in the Air, and the Weights will come down as before. 


Plate 25. Fig. 6. 5 
8. TAKz a ſmall Tube, about five Inches long, and cement it into a 


Braſs Screw, which will fix it to the Bottle which you uſe for raiſing the 
Mercury; then tie a ſmall Bladder upon the End of the Tube which goes 


into 


- 
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into the Bottle, and ſeal it tight, ſo that the Air cannot eſcape any where Lect. XI- 
but through the Tube: ſqueeze the Blacder together, and having put it 
through the Screw-Hole into the Bottle, ſcrew the Braſs Screw with a 

Leather upon it, tight into the Bottle, having firſt blowa up the Bladder 

within the Bottle before you fix the Screw, ſo make it tight with a Key, 

and ſet the Machine on the Pump with a Receiver over it. When you 

begin to exhauſt, the Air in the Bottle will expand itſelf, and preſs the 

Bladder together, which ſhews how the Lungs of an Animal zu vacuo 

are preſſed together by the Expanſion of the Air in the Thorax, becauſe 

the Lungs having a Correſpondence with the Receiver through the Wind- 

Pipe, have no Air in them in ſuch a Caſe, to keep up the Lungs againſt 

the Expanſion of the Air in the Cavity of the Thorax, which preſſes a- 

gainſt the Outſide of the Lungs ; as the Air in the Bottle in this Experi- 

ment cauſes the contain'd Bladder to ſubſide in vacuo. Plate 25. 

Fig. 7. 

h : 0 ATs, or other Animals, die in vacuo, if the Air is not let in 

again very ſoon. 

10. FisHEs put in a Jar of Water under a Receiver, will (when the 
Receiver is exhauſted) riſe up to the Top of the Water, without being 
able to go down to the Bottom, becauſe the Air in their Wind-Bladder 
being expanded againſt their Will, makes them ſpecifically lighter than 
Water : Sometimes the Bladder breaks, and then they fink down to the 
Bottom, whence they can riſe no more. N. B. Fiſhes, Frogs, and other 
Animals that live im the Water, will not die by exhauſting the Atr from 
the Receiver, unleſs they be kept many Days in vacuo. 

11, TAKE a ſquare Phial, and put in a Cork, then ſeal it ſo that no 
Air can eſcape, and put it into a Cage of Wire; then ſet it on the Pump 
with a Receiver over it, and when you begin to exhauſt, the Air in the 
Bottle will expand itſelf ſo as to break it. When you have made this 
Experiment, wipe the Leather and your Pump-Plate, fo that noge of 
— 8 remain, for it may ſpoil another Experiment. Plate 25. 

io, 8. 

12. Tur ſame Experiment is to be made with the Bottle and Cage 
under Water, in which Caſe the Shock will be ſo great as to ſhake the 
whole Pump. Plate 2 5. Fig. 9. | 

N. B. The Uſe of the Cage is to binder any large Piece of the broken 


Bottle from Ariting againſt the Receiver, which might endanger its 
breaking. ; | | 


EXPERIMENTS: 
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Lect. XI. ExPERIMENTS fo ſhew the SPRING of tbe Alx in the Pores 


— — — 


of Bodies. 

13. TAK x an Apple as much ſhrivelled as can be had, and lay it on 
the Pump, ſet a Receiver over it; as you exhauſt the Receiver, the Apple 
will appear as ſmooth as one freſh gathered, let in the Air, and it will 
return to its former Shape. : 

14. TAKE a ſmall Jar or Cup, and fill it almoſt full of ſmall Beer, 
then taſte it and ſet it on the Pump, and put a Receiver over it, and when 
you exhauſt the Receiver, the Air in the Beer will expand itſelf, and 
cauſe: the Beer to riſe up in a Froth, ſo as to come quite over the Glaſs: 
Then let in the Air and taſte the Beer, and you will find it quite dead. 
N. B. If, inflead of a Tumbler or common Drinking-Glaſs, your Beer be 
put in a tall cylindrick Jar about 20 Inches high, a curious Obſervation 
may be made, which is this: After having pump d out moſt of the Beer 
from the Receiver, you will alhſerve · Bubbles of Air to riſe from the Bot- 
tom of the Beer, and come up to the Top, increaſing their Diameters as 
they riſe, but without joining with other Bubbles in the way. You may 
obſerve ſeveral of them to be very ſmall in Diameter at their firſt Ap- 
pearance, and when being got to the Top of the Beer they are freed from 


the Preſſure of a Pillar of Liquor about 20 Inches high, they appear to be 


zncreaſed at leaſt 10 times in Diameter. This ſhews bow much the Air 
7s rarefied in that Receiver, viz. at leaſt 1000 times; becauſe as Spheres 


are to one another as the Cubes of their Diameters, it is plain that all 


ſuch Bubbles are expanded or rarefied 1000 times. 

15. TAKE a ſmall Jar or Cup, and fill it with luke-warm Water, and 
ſet it on the Pump with a Receiver over it, and when you exhauſt the 
Receiver, the Air in the Water will expand itſelf, and raiſe large Bubbles, 
ſo that the Water which was luke-warm will ſeem to boil, and diffuſe 


its Heat fo as to warm the Receiver all over; then let in the Air, and it 


will immediately ceaſe to bubble. 

16. TAKE a Piece of Cork, and fix to it a Piece of Lead, ſo as to 
poiſe the Cork, that it will but juſt fink in Water; then take a Glaſs Jar 
full of Water, and put in the Cork and Lead, which ſet on the Pump 
with a Receiver over it, and when you begin to exhauſt, the Air in the 
Pores of the Cork will expand itſelf fo as to ſwell the Cork, which there- 
fore becoming lighter than an equal Bulk of Water, will riſe up to the 
Surface; then let in the Air, and the Cork will ſink to the Bottom again. 
Plate 25. Fig. 10. | 

17. TAKE boil'd Water, and after having drawn as much Air out of 
it, as can be done by the Pump, put a Piece of raw Fleſh into the * 
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and you will find that upon pumping out of the Air, that Air that was Lect. XI. 
contain'd in the Fleſh will extricate itſelf in time, bubbling up through ——— 


the Water. 4 | 
N. B. There is Air in Blood and all Animal Fluids. 


ExPERIMENTS 70 fhew the Preſſure of the Air. 

18. Take a Glaſs open at both Ends, of about two Inches Diameter, 
and of what Height you pleaſe, ſet it on the Pump, then lay on your 
Hand fo as to cover the Glaſs, and begin to exhauſt, and you will feel 
the Preſſure of the Air; for the Air being taken from under your Hand 
out of the Glaſs, the external Air will preſs your Hand to the Glaſs, ſo 
that you can ſcarcely move it; upon letting in the Air, it will be looſen d 
again, 

N. B. The Spring of the Air in your Fleſh is alſo ſhewn by this Experi- 
ment, the Fleſh of the Infide of your Hand fwelling downward within the 
exhauſted Glaſs. 

19. TAkx a Glaſs which is open at both Ends, then take a Bladder, 
and wet it well, ſtretch it over the largeſt End of the Glaſs, which muſt 
be at leaſt four Inches wide, then tie it, and let it dry on, and when it 
is dry, ſet it on the Air-Pump, with the Bladder uppermoſt ; then ex- 
hauſt the Glaſs, and the external Air will break the Bladder with a large 
Report. Plate 25. Fig. 11. | 
20. Tax a Piece of common Window-Glaſs, and lay it upon the 
Mouth of a Receiver, or Braſs Ferril, and ſet it on the Air-Pump ; ex- 
hauſt the Receiver, or Braſs-Ferril, and the external Air will break the 
Glaſs all to-pieces, in the ſame manner as the Bladder in the other Ex- 
periment, 

21. TAKE a ſquare Bottle, and cement on a Cap of Braſs, with a 
Place for a Valve, then tie a ſmall Piece of wet Bladder over the Hole, 
ſo that the Air can come out, but cannot return the fame Way; then 
put it in the Cage of Wire, and ſet it on the Air-Pump with a Receiver 
over it, and when you exhauſt the Receiver, the Air in the Bottle will 
come out thro' the Valve : When you have quite exhauſted the Receiver, 
then let in the Air on the ſudden, which not being able to get into the 
Bottle, becauſe of the Valve, it will break the Bottle all to-pieces. Plate 
25. Fig. 12. | | 

22. TAKE a Couple of Braſs Hemiſpheres, and ſet them upon one an- 
other, with a wet Leather, (which has a Hole in the Middle) in order to 
make them tight, and having ſcrew'd a Cock into one of them, fix them 
to the Pump by means of a double Male Screw, always obſerving to 
heve oil'd Leather between the Screws ; when you have exhauſted the 

Hemiſpheres, 
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Leect. XI. Hemiſpheres, turn the Cock to ſhut their Communication with the 
—— Pump: Take off the Hemiſpheres, and they will ſtick fo faſt as to re- 


quire a Force to pull them aſunder, about 140 Pounds; if their Diameter 
be equal to 3 4 Inches, and proportionably more or leſs, according to 
their Diameters, the Weight requir'd to draw them aſunder being greater 
or leſs, juſt as the Square of the Diameters of the Hemiſpheres is greater 
or leſs than the Square of three Inches and a half, in which Cale the 
Weight is 140 Pounds. 

N. B. You muſt ſcrew two Rings to the exbauſted Hemiſpheres, and 
draw them aſunder with a ſlrong Steelyard, See Fig. 28. | 

Tu exhauſted Hemiſpheres will fall aſunder of themſelves in vacuo, 
if you fix the uppermoſt to the Hook of the flip Wire before you ex- 
hauſt. In the 13 Fig. of Plate 25. you ſee the Hemiſpheres exhauſted 
in vacuo, the wooden Diſh made uſe of for the Bladder, in the 7th Ex- 
periment, being ſet under to receive the falling Hemiſphere, leſt it ſhould 
damage the Glaſs. 

23. Takx the Plate of your Trensferrer, (which is a ſix-Inch Plate) 
and having by means of its Cock fix'd it to the Pump, ſcrew a ſpouting 
Tube to the upper Part of it, at the End of the Cock's Screw, which 
comes thro' the Plate. Put a wet Leather upon the Plate, and then ſet 
upon it the talleſt Receiver you have. Exhauſt it, and having turn'd 
the Cock, take it off of the Pump. Hold this exhauſted Machine over 
a Baſon of Water, and having put the Mouth of the Cock under Water, 
open the Cock, and the Atmoſphere will, by its Preſſure, force the Wa- 
ter up into the evacuated Receiver, making a pleaſant Fountain. Plate 
26. Fig. 14. 1 

24. HAvixd exhauſted the tall Receiver above-mention'd, and taken 
it from the Pump, take a pretty large Glaſs Fountain, or Braſs one, with 
its Force-Pipe ſcrew'd into it, but without its 4jutage, (or Spouting- 
Pipe) let this Fountain be half full of Water, (no Air being condens'd 
over the Water) and having ſcrew'd the Cock of the Plate to it, turn 
the Cock, and the Air in the Fountain will by its Spring preſs ſo hard 
upon the Water under it, as to cauſe it to riſe through the Force-Pipe 
quite into the exhauſted Receiver, ſpouting up in a pleaſant manner as 
before. Plate 25. Fig. 15. 

25. TAKE a pretty tall open Receiver, and having ſet a Gally-pot 
half full of Mercury upon the Plate of the Pump, take the four-Inch 
Plate, and ſcrew it to the Glaſs Tube that has a double Male Screw 
faſten'd to the End of it, ſo that when the Plate (with a wet Leather 
under it) is ſet upon the Receiver, the End of the Glaſs Tube may dip 
into the Mercury in the Gally-Pot. Then ſcrew the little Syringe op 


the upper Screw of the ſaid Tube, above the Plate and Receiver. Gently Lect. XI. 
lift up the Piſton of the Syringe, and you will ſee the Mercury riſe out o. 


the Gally- pot into the Glaſs Tube; afterwards exhauſt the Receiver as 
much as you can, and when no Air is left in it, you may then pull the 
Piſton of the Syringe quite up, without ſucking any Mercury up the 
Glaſs Tube. This ſhews that all the Phænomena of Suction and Pumps, 
are not owing to an Abhorrence of a Vacuum in Nature; but to the 
Preſſure of Air. Plate 25. Fig. 16. 

26. TAKE a Lamp Cupping-glaſs, and ſet it on the Pump, with a 
Receiver (that hath a ſmall Hole in the Top) over it, then exhauſt the 
Receiver, and the Air in the Cupping-glaſs will expand itſelf, and come 
out. Then let in the Ait on the ſudden by taking off your Finger, which 
was held at the Top Hole of the Receiver, and the Cupping-glaſs will be 
faſt, and the Receiver become looſen d. Put on the Receiver, and ex- 
hauſt again, and the Cupping-glaſs will be looſe, and the Receiver faſt, as 
at firſt; but you muſt not ſet the Cupping-glaſs over the Hole in the 
Plate, becauſe then you would exhauſt that, and not the Receiver. 
This Experiment ſhews, that, what is commonly call'd Suction, is only 
the Preſſure of Air, which faſtens the Cupping-glaſs by ſtriking againſt 
the Outſide of it, before it can get under it. Plate 25. Fig. 17. 

27. TAKE two Glaſs-bubble Fountains, (that is, Glaſs-bubbles of 
about two Inches Diameter, with a Tube fo cemented in the Neck of 
each of them, that one End almoſt touches the Bubble on the Inſide, 
and the other End, without the Bubble, is almoſt all ſhut up but a ſmall 
Pin-hole) and invert the one into a little Jar of Water, and the other into 
a Jar of Mercury ; then ſetting all under a Receiver, upon exhauſting it, 
the Air will by its Expanſion come out of the Fountains, through the 
Water and Mercury. As you let in the Air again, it will force up thoſe 
Fluids into their reſpective Fountains ; which being afterwards ſet with 
the right End upwards in a tall Receiver, will, upon exhauſting it, 
make Jets of Water and of Mercury, by the Spring of the Air above the 
Mercury or Water, in the Bubbles. N. B. You muſt not quite exhauſt 
the firſt Receiver, left tos much Mercury or Water ſhould 4 forced into 
the Fountain. Plate 2 5. Fig. 18, 19. | | I a3 

28. TAKE a common Barometer Tube, and fill it with Mercury, 
and invert it in alittle Mercury in a Cup or Jar; then ſet it on theAir- 
Pump, and ſet a Receiver over it, open at the Top; then lay a wet Lea- 
ther on the 'Top-of the'Glaſs, and take the/large Tube, mentioned in 
the fourth Experiment, with a Cap and a Plate cemented on at the one 
End, hermetically ſealed at the other, and put it ovet the other Tube 
with the Mercury, ſo as to be tight with the Receiver; then begin to 
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exhauſt, and the Mereory in the inner Tube will coe down jn the fame 
bring it quite down, ſo as to be even with the Surface of the qtfler Mer- 


eury. Then let in the Air very gently, for if you let it in too faſt; you 


will endanger breaking the Tube, and ſpoil the Experiment. 


29. TAK R two Pieces of Marble, Planes of -Glaſs, or Plates of Braſs 
well 'poliſh'd, then put a little Oil between them, to keep them from 
admitting the Air between them, and the loweſt Marble will tick fo faſt 
to the uppermoſt, as to hold a configerable Weight; then take a Re- 
ceiver, open at both Ends, and ſet it on the Air-Pump, lay a wet Lea- 
ther on the Top thereof, and take the Braſs Plate, with the Collar of 
Leathers and Slip-Wire, and ſctew on a Hook, put the Plate upon the 
Top of the Glaſs, and hang on the Marbles or Plates on the Hock 
within the Glaſs, then — 2 Receiver, and they will drop aſunder; 
then let down the upper Piece juſt upon the under, and let in the Air on 
the ſudden, and then the Marbles when taken out of the Glaſs, will bear 
more Weight than before, when you had put them together with your 
Hands. The fame Receiver, Plate, and Wire wilt ſerve, as uſed in the 
22d Experiment. Plate 25. Fig. 11. i ; 

30. TAKE a ſmall Syringe, with a Lead Weight at the Bottom, 
then take a tall Glaſs, and ſet it on the Air-Pump, and lay a wet Lea- 
ther on the Mouth thereof, then take the three Inch Plate with the 
Collar of Leathers, and Wire, and ſcrew the End of the Wire into the 
Top of the Syringe, which put within the Glaſs, with. the Lead Weight 
at the Bottom ; then exhauſt the Glaſs, and the Weight will'come down 
with the Barrel of the Syringe, becauſe. the Air being taken out of the 
Receiver, which preſs d upon the Piſton of the Syringe, the Weight be- 
comes too heavy for the Friction of the Piſton's Leather againſt the Sides 
of the Syringe, and not being reſiſted by the Air, it muſt by Conſe- 
quence come down; let in the Air, and the Weight riſing again will 
return to its former State. Plate 25. Fig. 20, 


Mi$SCELLANEOUS EXPERIMENTS. 


31. TAKE a middle-ſized Glaſs, wipe it well, and ſet it on the Plate; 
then begin to exhauſt a little, and hold a Candle on the other Side, and 
you will ſee a Halo about the Candle, or ſeveral Colours in the Glaſs; 
which will be ſeen only when the Glaſs is firſt exhauſting, for when the 
Glaſs is quite exhauſted, the Colours are all loſt, But if- you let in the 
Air, and begin to exhauſt, you will ſee the Colours as before, which 
may be repeated as often as you pleaſe. Plate 25. Fig. 21. 

32. TAkx a tall Glaſs, ſet it on the Air-Pump, and lay a wet 
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Leather on the Mouth thereof; then take the three Inch Plate, with Lea. XI. 


the Collar of Leathers and Wire, and ſcrew on'the Braſs Springs with the 
Flap at Bottom, and a Slip-Plate to open the Spring when in vacuo: 
Screw the Slip-Plate to the Wire, then put a Piect of Gold, or what 
Metal you pleaſe, with a Feather or a Bir of Paper, upon the Flap of 
the Springs under the Slip-Plate, and exhauſt the Receiver quite. Then 
looking into the Receiver at Bottom, pull the Wire to open the Springs, 
and let fall the Gold and Feather, which: will come juft at the fame 
time to the Bottom, becauſe the Air being taken away, which made 
the Reſiſtance, all Bodies fall equally faſt. ' Plate 25. Fig. 22. | 

Mu: mw van  Muſchenbroek, Brother to the Profeſſor at Leyder, 
contriv d a Method whereby five or fix Pieces of Gold, and as many 
Feathers with'them, might be let fall one after another, without mak- 
ing a new Exhauſtion, which is very convenient when a very tall Re- 
ceiver, ſimple or compound, (that is, made up of ſeveral Glaſſes ſet upon 
one another) is made uſe of, becauſe it is 4 long while in exhauſting, 
The Draught and Deſcription of it is to be found at the End of the ſecond 
Volume of the Profeſſor s Efays de Plyſigue, printed at Leyden, 1739. 

33. SET your Bell upon the Plate of the Pump and cover it with a 
middle-fiz'd Receiver, then ſhake the Pump, and take notice of the 
Sound of the' Bell; Exhauſt the Air, and you will not hear the Sound 
in vacuo, though the Clapper is made to ſtrike the Side of the Bell. 
N. B. The Bell muſt be fet on a little Cotton Pillow, or ſome ſoft Body, 
otherwiſe you will ſtill hear a little Sound. | 

34. SET a lighted Candle in your talleſt Receiver, and a few Ex- 
ſuctions will cauſe the Candle to go out. The Smoak of the Candle 
will then lie at the Top of the Receiver, but when you have pump'd out 
all the Air it will fall down. This ſhews that the Soak does not riſe, 
becauſe it is poſitiyely light ; but only becauſe it was ſpecifically lighter 
(or leſs heavy) than Air. OE IL | 

35. A Piece of lighted Charcoal, fix d by à Wire to the Braſs Hook 
belonging to the Collar of Leathers, ſo as to ſuſpend it iti a Receiver, 
will go out in baun. . 5 
36. Wurx you would fire Gunpowder in vatub, take a 8 
and inverting it, ſet the Gunpowder Iron (that you have with the Pump) 
upon the Pot, Having firſt made it red-hot. © Cover it with your Gun- 
powder Receiver, (Which muſt be firſt warm' d by Degrees, leſt the 
Heat of the Iron ſhould crack it) and having exhauſted it, by moving the 
Slip of Wire up and'down, you willlet fall a mall Quantity of Gunpowder 
upon the hot Iron, where it will fire; Corn hy Corn; When'youlet in the 
Air again, let it be by little and little, leſt you — & 
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generates Air, and might at laſt burſt the Receiver. Plate 25. Fig. 23. 


N. B. After every Exploſion exbauft the Receiver, becauſe the Gunpoudy 


7. IF you would preſerve Fruit, Flowers, or any thing elſe in va. 
cuo, fix the Plate of your Transferrer by its Hook to the 4 Plate, 
on which you may lay your Fruit in a Jar; Cover the whole with a Re. 
ceiver, that ſtands on the Transferrer with a wet Leather under it. 
After Exhauſtion take off the Receiver, as is mention d in the aath Expe- 
riment, and keep it as long as you will, having ſcrew'd the Cock to its 
wooden Foot. If you would prevent the leaſt Air from coming in, put 
the whole Machine under Water, and keep it fo. Plate 25, Fig. 24. 
38. TAxx the Steel Plate bb, Plate 25, Fig. 25. which is fix d on 
the Spindle g p, with the Nuts belonging to the, Machine for the At- 
trition of Bodies in vacuo, (which is repreſented in Plate 24.) and having 
ſcrew'd the Braſs Springs with the Flints tied to them at H H, ſo as to 
preſs the Edge of them againſt the Steel, let the Spindle below the Pulley 
m paſs through the Collar of Leathers of the Plate, which covers the 
large Receiver, that is ſet over the Flint and Steel: Put the Pulley and 
String upon the Spindle, and ſcrew down the Board. with the wa 
Hole croſs the Pillars ; then turn the great Wheel to give a Motion to the 
Steel Plate againſt the Flint, which will produce many Sparks ; but as 
you exhauſt the Receiver, the Sparks will diminiſh, and quite vaniſh 
when all the Air is drawn out, though the ſame yiolent Motion is conti- 
nued. Plate 25. Fig. 31. repreſents the Braſs Springs with the Flint 
fix'd to them, and the Hole to ſcrew in the Center Plate for the Spindle 
to turn upon. The ſame Figure alſo repreſents the Spindle and Pulley, 
with the Steel Plate and Nuts in the Middle. N. B. The Hole of the 
Braſs Springs ſcrews on the Piece that receives the End of the Axis P, 
or the Plate of the Air-Pump. 1 
39. Soap D Water will riſe into large Bubbles in vacun, upon which 
you will ſee ſeveral Colours ſucceed each other ; and the Skin of Water, 
when extremely thin, will be black; ng. | 

40. Wirx a Piece of ſolid Phoſphorous write upon a Paper, and lay- 
ing it upon the Plate of the Pump with another wh a under, (left you 


wet the fisſt Paper) draw out the Air, and the Phoſphorous will brighten 


by Degrees, and at Jaſt throw up a lucid Cloud to the Top of the Re- 
ceiver. N. B. The Room muſt be dark for ſuch kind of. Experiments. 
41. Ir you wet the Paper by Patches on which you have drawn Lines 
with Phoſphorus, inſtead of a Cloud, it will give Flaſhes in vacuo. 
42. TAKE the Receiver uſed for the Guinea and Feather Experiment, 
and to the Braſs Plate, uſed to cover it, ſcrew a large Cupping-glaſs with 


a Tube cemented to.its Neck, with a fine Hole in it, (lo as rn 5 
1 . Fiunne 
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Funnel) and having ſtopt the Hole of the Neck of the ſaid Cupping- Lett. XI. 
glaſs with a wooden Plug, fall it with Mercury. Under the Receiver 


have another tall one of an arch d Figure without a Knob at Top, as in 
Plate 2 5. Fig. 25. Then having drawn. out the Air from both Glaſſes, 
take out the wooden Plug, and the Weight of the external Air will force 
the Mercury in a Shower upon the inward Glaſs, ſo as to produce a great 
Light in a dark Room, if the Mercury be fine, and the Weather very 
dry, otherwiſe the Experiment will not ſucceed, ny. 

43. Having cemented an open Tube, ending in a Point, to a 
Braſs Stop-Cock, put it through the Braſs Plate that covers an open Re- 
ceiver, ſo that the Tube ſhall reach down half an Inch below the Sur- 
face of about a Pound or two of Mercury in a Glafs Jar under the Re- 
ceiver. Shut the Cock, then exhauſt the Receiver, and then opening 
the Cock the Air will ruſh in, through the Mercury, fo as to throw it 
in little Balls all over the Glaſs; and produce a fiery Shower, viſible in a 
dark Room if the Weather be diy. Plate 25. Fig. 26. | 
44. Having exhauſted a Receiver, let in the Air again at Top, 
through an Iron Tube, (or Braſs Tube, whoſe End is ſcrew'd to an Iron 
one) ſo that it may paſs through the Flame of Charcoal, before it goes 
into the Receiver; and when the Receiver is full of that Air, lift up the 
Cover of the Receiver, and letting down an Animal into the Glaſs, you 
will find that this infected Air will kill him immediately. H the End of 
the Tube be thruſt into the Hole of a ſolid Piece of red-hot Braſs, which 
is not perforated quite through, the Air which muſt come into the 
Tube, will in its Way carry along with it the Efluvia of the Braſs, which 
will poiſon the Air, but not ſo much as before, an Animal being longer 
a dying in this than in the laſt Medium. If a Candle be let down into 
the Receiver, when fill'd with this Air, it will go out, but purge the 
Air as far as it goes; for you may let it down the ſecond time lower than 
the firſt, and fo on, till the whole Air be purify d. N. B. Air burn d 
in going through red-hot Iron or Copper, is not pernicious to a very tender 
Bird, or any Animal, that it has been try'd upon, See Plate 25. Fig. 27. 

45. To an equal (but ſmall) Quantity of Oil of Vitriol, Oil of 
Tartar per Deliquium, and Oil of Cloves, put two or three ſmall Pieces 
of Phoſphorus, and this Mixture will take Fire in the open Air, but the 
Addition of a little common Water will put it out. This Preparation 
will not only ſhine, but boil up into a Flame, in the exhauſted Re- 
ceiver. : 

46. Ir you would weigh any Quantity of Air, take a pretty large 
Copper or Glaſs Ball, ſuch as Fountains. (by Compreſſion of Air upon 
Water) are made of, and having, by means of a Cock fix d —_ _ 
Female 
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Lect. XI. Female Screw in the Plate of your Air- Pump, exhauſt it; ſhut the C 
= aud having taken off this exhauſted Ball, hang it at one End of the — 


L. 7. Ne 3. 


of a Pair of Scales; counterpoiſe it at the other End; then let in the Air 
into the Ball, by opening the Cock, and the Ball will preponderate: 80 
much Weight being requit d to reſtore the Aqguihbrium, as anſwers to 
the Weight of the Air contain d in the Ball above - mention d. This um 
done in the firſt Lecture of Hydroftaticks, ſee Plate B. Fig. 10. 

47. To the ſlip- Wire of the Collar of Leathers, at the Top of a Re 
ceiver, fix a Piece of Cork, with ſeveral ſmall Tubes going through it, and 
having ſet a Jar with colour d Water in it, under the, Receiver, 
out the Air; then by puſhing down the ſlip-Wite, plunge the Ends of 


the ſmall Tubes into the colour'd Water, — it will riſe as high in thoſe 


Tubes as it does in apen Air. N. B. This was done NF Leflure 
Vol. I. 
7 48. Take a Veſſel of Braſs, like a Funnel, or tenen Cone, open 
at both Ends, made ſo that the Hole at one End is not above 1 Inch 
Diameter, and the other End almoft four Inches. Set this truncated 
Cone upon the Receiver with the ſmall Hole upwards, and having laid a 
Piece of flat Window Glaſs upon it, exhauſt the Air, and the Glaſs will 
not break: Let in the Air again, and laying the ſame Piece of Glaſs upon 
the larger Orificeof the Braſs Veſſel, as ſoon as you have drawn out the Air, 


it will break; which ſhews the Preſſure of the Air is proportionable to 


the Surface on which it preſſes. The Braſs truncated Cone is ſtiewn by 
Fig. 29. Plate 25. 

49. Frres will not die, but be unable to fly in vacuo. 

50. TAKE a Piece of Wood with a little Hallow in it, like a rokind 
Trencher, and weigh it; then having laid ſome Mercury in the faid 
Hollow, cover it with a Receiver; and when you have drawn out, and 


again let in the Air, you will Sad the Wood much heavier than it was, 


the Air having preſs d a great deal of the Mercury into ITE of the 
Wood. Plate 25. Pig. 30. 


O th Ar T1iF1iciar ConDENSATION of Air. 

Wr have ſhewn that Air may be varefied' and condens d naturally and 
artificially; and have given Inſtances of its Rarefaction by Art in 30 Ex- 
periments: now we will ſhew ſome Experiments of its Condenſation by 
Art, and obſerve the Phænomena ariſing from thence. 

One of the chief Inſtruments for condenſing Air is a Syringe, ſuch a 

is repreſented by the 11th Figure of Plate: 21. There indeed it is made 
aſe-of far the: Narefaction of Air; but as only inverting its Piſton makes 
it fit for Candenſation, we muſt here give a iption of the Piſton, N 
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it is when applied to either of thoſe Uſes. The 5th Figure of Plate 24. Left. XII. 
A BCD repreſents a little Cylinder of Braſs, about ;. of an Inch thick, 8 
and of a Diameter juſt to move up and down in the Syringe without Pig. 9.84 | 
ſtopping any where, but ſo; cloſe as not to admit a thin Paper between. 
It has a Screw at Top and Bottom of the ſame Big neſs, and of the ſame 
Thread, but with this Difference, vig. that at the End C there is a thin 
Piece of Bladder tied on, which makes a Valve ſo fix d, as to ſuffer all 
the Air coming in the Direction D C to paſs by, but ſtop all that com- 
ing from C-endeavours to go to D. The Rod of the Syringe, whole 
End is repreſented at R, Hg. 6. has a Piece like a Bell PPI with 
{mall Holes coming thro its upper Part, and a Female Screw at Bottom, 
to receive the End D of the Screw af Fig. g. That Piece being ſcre wd 
in, as mark d with the ſmall Letters a & c d, there mult be another cy- 
lindrick Piece g g, whole Diameter is about , of an Inch ſmaller than 
the other ſcre d on to C, or c; ſetving for two Uſes, the one to pre- 
ſerve the Valve at C from being damag'd againſt the Bottom of the Sy- 
ringe by its Thickneſs; and the other, (which is its principal Uſe) to 
prels a ſoft oil'd Leather ff againſt ab. This Leather will never fold 
upwards for want of Room between AB and the Sides of the Syringe, but 
will ſpread againſt them and A B, fo as to drive all the Air before it 
(which, Air is alſo ſtopp'd by the Valve at C) forward thro' the Noſe. of 
the Syringe into any Place where it is intended to be driven. But when 
the Rod is drawn up, as the Leather ff folds eaſily about the ſmaller 
cylindrick Plate g g, the Air will, eaſily paſs by to fill the Syringe that 
Way, as well as thro the Valve in the Direction dc. N. B. When the 
Hringe is made uſe of for ſucking, you muſt only invert the Piece A BCD, 
fo as to ſerew the End C with its Valve into the Ball PP wwith-the: ſoft 
iu Leather 11 between, and then the reverſe will happen of what ue 
Juſt mention d; for then in driving down the Piſton the Air fram any 
Veſſel * into the Syringe, will flip. in the Direction al, b l, be- 
tween the Bell and Sides of the Syringe; (the Leather ff not being on 
new) and alſo thra the Value-Piece, and the Holes near PP; but, in 
drawing up the Value will ſhut, and the Leather | 1 will apply. cloſe. ta 
ab, % as to admit. of no external Air to go back. into the, Syringe. 

Ix both Caſes, whether of injecting, or exhauſting Air, ſuch a double 
Screw as AB C D, Fig..5. with, its Valve, is to be made uſe of; but 
with the Valve towards = Rod. in ſucking; and the other Way in 
4 that no Air injected into any thing ſhould return into the 
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one ExPERIMENTS of Condenſation of Air. 

| EXPERIMENT I. | 
From the Pin / hangs a Chain of Bladders a, Ro ©, communicating 
with each other with an Hook at Bottom holding a Weight, as P, upon 
a Table. To this Chain of Bladders communicates another arg. Bladder 
A, holding by an Hook at Bottom a Weight W, equal to P upon the 
fame Table. D and E are the two Ends of a Pipe to apply the Mouth or 
Syringe to, in order to raiſe the Weights W, P, by driving in Air ; and C 
is a Cock to admit of, or cut off the Communication beween the ſingle 
large Bladder, and the Chain of Bladders upon occaſion. Keeping the 
Cock ſhut, below in at D, and the Weight W will rife ; but that will 
be flowly, becauſe the Bladder, by whoſe ſwelling it riſes, will be long a 
filling. Then blowing in at E the Weight P will riſe, but very ſoon, 
becauſe it takes up but a little Breath to fill the Chain a, 6, c. Then if 
the Cock be open d, and either the End D or E be ſhut, if you blow at 
the other End, the Weights at WP will riſe both ſlowly, but to the ſame 
Heights. This Experiment is made uſe of in order to explain, or rather 
illuſtrate muſcular Motion; for all that has been ſaid upon it, tho ſe- 
veral have wrote upon the Subject, does not yet amount to a Demonſtra- 
tion. Thoſe that would explain muſcular Motion by a Chain of Blad- 
ders reaſon thus—lt is well known that the Muſcles having their Origin 
in one Part, and their Inſertion in ſome Limb or Bone, bring that Limb 
towards the Origin, when the Belly of the Muſcle ſwelling, the Muſcle 
is ſhorten'd by its Contraction: and as this is done by the Power of the 
Will, (and as it were inſtantaneouſly) there muſt be ſome fine, but 
powerful Fluid at our Command, which they call Animal Spirits, ſup- 
pos'd to be ſeparated from the Blood ; (the Exiſtence of which they 
would confirm by the Conſideration of the Steam of boiling Water work- 
ing in the Engine to raiſe Water by Fire, where Water, a Fluid of 
near the fame ſpecifick Gravity as Blood, by an Heat not much greater, 
is rarefied 14000 times, and acts with a prodigious Force, tho above 
16 times lighter than Air: ) this they ſuppoſe to be driven into the Cavities 


of the muſcular Fibres, which they ſuppoſe made up of Chains of little 


Bladders, (by the Power of the Will) which muſt contract every Fibre, 
and conſequently the whole Mufcle, &c.——That by ſuppoſing the 
Bladders Chains, a ſmall Quantity of the Fluid will act ſpeedily, and with 
the ſame Force as a larger Quantity, according to the Experiment above- 
mention'd ; and this without too much altering the Shape of the Limbs, 


Sc. That there are lateral Communications from one Fibre to another, 


without 
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without which, in caſe af Wounds, too many fix'd Points would be loſt, Lect. XI. 
Sc. but Anatomy not being my Buſineſs at preſent, I muſt refer thoſe wow 
that like the Hypotheſis of the Chain of Bladders to thoſe who have de- 
fended it; eſpecially to a Diſſertation of the late learned Dr. Alexander 
Stuart, who has ſaid as much or more than any Body upon that Hypo- 
theſis, and whoſe Work was fo well thought of by the Gentlemen of the 
Academy of Bourdeaux, that they gave him the Prize for it in the Year 
1740. 0 
Tur Doctor ſhew'd a good deal of Learning, and beſtow'd a great 
deal of Pains in that Diſſertation ; bat I think was wrong in denying Re- 
pulſion to be a Principle in Nature. He conſiders it as an Effect flowing 
from Attraction; but if he had read Sir Iſazc Newton's Opticks, and Dr. 
Hales's Vegetable Staticks, with ſufficient Attention ; or conſidered ſeveral 
Phznomena, which entirely depend upon that Principle, he would not 
have fallen into that Miſtake. There is alſo an Experiment that does not 
ſeem to agree with the Chain of Bladders, which is this. A long Glaſs 
Cylinder big. enough to admit of a Man's Arm from the Shoulder u 
wards, but ending at Top in a ſmall Tube, has been cloſely join'd to the 
Arm of a Man of ſtrong Muſcles; with the ſmall Tube coming beyond 
the Hand. This Glaſs Machine being fill'd with Water, quite up into 
Part of the ſmall Tube, the Man clenching his Hand contracted his Muſ- 
cles in the Water, which would have made the Bulk of his Arm greater, 
according to the Chain Hypotheſis ; but inſtead of the Water's rifing, it 
rather ſunk : and without a viſible Swell of the whole Arm, I fear the 
Suppoſition of the Chain of Bladders will gain little Ground. Of all the 
Accounts concerning muſcular Motion, I muſt own what Dr. Browne 
Langriſb wrote upon that Subject is moſt ſatisfactory to me. | 


ExXPERIMENT 2. Plate 24. Fig. 8. 

_ EGBis a ſtrong Glaſs Receiver with a Braſs Hoop cemented on at 
its Bottom B, (whoſe Opening there is big enough to let in the Braſs He- 
miſpheres) and another cemented on at Topat G. In a Frame of Wood, 
between two Pillars, (ſuch as you ſee in Fig. 12.) a Plate and wet Lea- 
ther being laid on the Bottom Board, any Body to compreſs the Air upon, 
luppoſe here F a blown Bladder, is put into the Glaſs, then a wet Lea- 
ther upon it; next the Braſs cylindrick Dich of Fig. 10. with the Ring 
of W ood W R to put over the Collar H into the Diſh, ſo that being 
prominent above the Braſs, thecroſs Piece of Wood EF (Fg. 12.) ſcrew'd 
| down by the Nuts of the Pillars, may preſs all tight together, without da- 
maging the Braſs Dith, which holds ſome Water to keep the Leathers 
avout H moiſt, Screw a Cock at H, and the End of a Syringe into 
T0 Il E e e that 
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Lect. XI. that Cock, which being ſhut after the pumping in 
—condens d Air. 1 F 


Plate 24, 
Fig. 8. 
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is over, will retain the 
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Tux Bladder F in the Glaſs G B being full blown, at every Injection 


of Air from the Syringe, the Bladder appears contracted, and ſhews how 


much the Air is condens'd: fo that when the Bladder js half ſubſided, 
the Denſity of the Air is doubled, or one Atmoſphere is injedted, (as is 
expreſs d in Mr. Hawk/bee's Book of Phyſico- mechanical Ex riments) 
and if the Cock be then ſhut, and the Syringe taken off, the Bladder 
will remain flaccid, till by opening the Cock to let out the injected Air, 


the Bladder will riſe again to its firſt Dimenſions. 
Bur this not being an exact Way to know how much Air has been 
injected, there is a mercurial Gage OE ocd D, contriv'd to know the 


exact Denſity of the Air in the Glaſs at any time, and conſequently its 


Quantity dependent upon it. This Gage is ſhewn at large in Figure g, 
and its Deſcription is as follows, 


\Ddefc is a ſmall Glaſs Tube open at D, but hermetically ſeal'd at 


the End c, of about one Tenth of an Inch in Diameter. DE is a 
larger Tube hermetically ſeal'd at D, where a certain Quantity of Mer. 


cury taking up about two or three Inches in length, receives and covers 
the open End of the ſmaller Tube, for the Purpoſe hereafter to bedeſcrib'd. 
The other End C of the great Tube is cemented ſtrongly into the Braſs 
Elbow-Piece OE o at C, fo as not to be quite at right Angles with O o, 
but to incline a little downwards, that the Mercvry at D may not run 
towards C, and go into the condenſing Glaſs. This Gage is ſcrew'd on 
to the Piece of the Braſs Diſh of Fig. 10. or at o, Fig. 8. and the in- 
jecting Syringe at O, a Cock being interpos'd at O, or o, or not uſed at 
all, according to the Nature of the Experiment to be made. 

As the Air is injected into the condenſing Glaſs, and the great Tube 
of the Gage at the ſame time, but not into the little Tube of the Gage, 
it muſt be rarer and weaker in that Tube ; for which Reaſon that Air 
will recede and allow ſome of the Mercury from D to go into the faid 


Tube, and that in Proportion as the Air is condens'd in G B. d. e, f, are 


three Rings of Springy Wire, to ſhew by the advancing of the Mercury 
in the ſmall Tube, that the Denſity of the Air is doubled, tripled, or 
quadrupled ; becauſe the Air which filled all the little Tube, now takes 
up only the Space Cd, Ce, or Cf; ſo that, in Mr. Hawk/bee's Style, 
one, two, or three Atmoſpheres are forced in. 
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Lect. XI. 


Ex PFERIMENT 4. J 
Tak ſuch a ſquare Bottle as is repreſented at Fig. 8. Plate 25. 1 


ſcald up with common Air in it, and put it into the condenſing Glaſs Fig. 8. 
inclos'd in its Cage; then having made the whole Machine tight, 

inject Air with the Syringe till you break the ſquare Bottle; and obſerv- 

ing the Mercury in the Gage, you will, by the Place of the Mercury in 

the little Tube, know exactly the Denſity of che Air whoſe Preſſure broke 

the Bottle. | | 


| EXPERIMENT B. 

Taker a thin round Bottle, of about the Size of the ſquare Bottles 
that are broken upon the Air-Pump, and about the fame Thickneſs, and 
upon Trial you will find that its Parts will ſo ſupport one another, that 
the external Air will not be able to break it, when you have drawn out 
all its internal Air by the Pump: Now. if you put this in the condenſing 
Glaſs, you may perhaps break it by condenſing Air upon it ; but if it does 
not break when the Mercury is come up to c in the Gage (that is, when 
two Atmoſpheres are injected) venture no farther, leſt you ſhould break 
the condenſing Glaſs, Then the Bottle ſuſtains 24 Pounds upon a round 
Inch; whereas when the Air was exhauſted from it, the external Air 
— it only with the Preſſure of 12 Pounds upon every round 
Dehn. ef | 

GENERALLY, one of theſe condenſing Glaſſes will bear a triple Den- 
ity of Air, or two Atmoſpheres to be injected, but the Reaſon why it is 
not ſafe to venture farther is, becauſe the Preſſure being made outwards, 
the Parts of the Glaſs, do not ſupport one another like an Arch, which 
they do againſt an external Preſſure; for what would ſuſtain 10 Atmo- 
ſpheres, preſſing from without, would hardly reſiſt 3 or 4 of them acting 
trom within. When a Glaſs is very ſtrong, there is a Way to try how 
lar it may be truſted, which is this: Take a Board of Oak about an 
Inch thick, and 18 Inches ſquare; in which having cut a Paſſage quite 
to the Middle to take in the lower Part of the Gage at o, flip it on over 
the condenſing Glaſs between o and C: then you may inject Air without 
icar, becauſe if the condenſing Glaſs ſhould break, the Board will fave 
ou from the Pieces that may fly about, whilſt at the ſame time you may 
dene the Gage with Safety, to know how many Atmoſpheres the Glaſs 
will bear: and if the Glaſs does not break, mark the Gage, that you may 
be ſure not to let the Quickſilver in the Gage run beyond that Mark, or 
2 quite to it in any Experiment, which you would make with 

afety. | _ 
Eee 2 |  SomMr- 
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Lect. XI. 


Plate 24. 
Fig. 11. 
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— SOMETIMES there are Experiments to be made, in which the Ga 
OE D would be in the Way; and then another Gage to be put within 
the condenfing Glaſs, at its Bottom, muſt be made uſe of. It is repre- 
ſented in the 11th Figure. It is a ſhort Cylinder of Wood, like that of 
WR, Fig. 10. about an Inch thick, with an Hole thro' its Middle be- 
tween 2 and 5, of about 12 Inch Diameter: the outward Diameter of 
the Cylinder muſt be of about 4. Inches, or ſuch that the Cylinder may 
eaſily ſtand within the condenſing Glaſs on the Plate, ſupporting its Bot- 
tom at B. There is an Hole at A of about + of an Inch Diameter, and 
+ of an Inch deep, to be fill'd with Mercury. acd6 is a ſmall Glaſs 
Tube, open at a, but hermetically ſeal'd at b, and bent to a right Angle 
at e, the Middle of the Diſtance between à and 6. / It is plain that if the 
open End à of this Tube be immerſed in Mercury, and then the Air on 
e Surface of the Mercury be condens'd, the Air in the Tube will recede 


towards the Elbow e, and the Mercury ſhew how far it is condens d by 
—/ NIowin it. 


If the Mercury goes to c, then one additional Atmoſphere 
bears upon its Surface, and two Atmoſpheres if it comes to d; which 
Places are mark'd by Rings of ſpringing Braſs Wire. At a and 6, about 


an Inch of the Ends of the Tube are bent to a right Angle, that the End 


6 may go into the Wood, whilſt the End @ goes under the Surface of the 
Mercury, where it is held by a Cork to keep its Opening under the Sur- 
face of the Mercury, whilit Air is injecting into the condenſing Glaſs; that 
no Shake may diſturb the Gage, which muſt be within the Glaſs at Bot- 


tom, that you may by looking thro the Glaſs ſee how much Air you have 


the Glaſs bythe Interpoſitionof wet Leathers. Slip down thro the HoleH 


injected; as for Example, one Atmoſphere if the Mercury is at the Elbow 
at c, and two Atmoſpheres if it be come to d. N. B. This Tube which 
is in its Place at Eg. 11. is repreſented ſeparately at A, and mark d with 
the ſame Letters as on the Wood. | 


ExXPERIMENT 6. Plate 24. Fig. 12. 

UPon the Braſs Plate g of the Frame PP E Fs deſign'd to hold the 
condenfing Glaſs, put on firſt a wet Leather or two, then the Gage of 
Fig. 11. then ſcrew in the Plate thro' the Hole in the Middle of the 
Gage Cylinder, one of the Braſs Hemiſpheres uſed in the 22d Experiment 
of the Air-Pump, by means of its ſupporting Piece bc: then having 
laid on a wet Leather over that Hemiſphere 6, put on the other Hemi- 
ſphere a, and preſs it down cloſe that no Air may come in between the 
Hemiſpheres. Cover the whole with the condenſing Glaſs PP, and ferew 
down upon it the Croſs-piece E E, which holds down the Braſs-Diſh of 
Fig. 10. with the Prefling-piece WR of Fig. 10: and keeps all tight to 


of 
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of the Collar of Leathers, a thick Iron Wire or Rod reaching down to Lect. XI. 
the upper Hemiſphere a, and ſcrewing into it, Then ſcrew your Cock — Mes 
and Syringe to the upper End of the Wire above mention'd, which is fo 
perforated, that the injected Air coming down thro it goes into the con- 
denſing Glaſs without paſſing into the Hemiſpheres, which are preſs'd to- 
gether with common Air between them. Obſerve by the Mercury of the 
Gage at the Bottom within the condenſing Glals, thro which you fee it, 
when you have doubled the Denſity of the Air, or injected one Atmo- 
ſphere. Then you will find by the Steei-yard hanging at ſome fix d 
Point over the condenſing Frame (which muſt be ſcrew'd faſt to the 
Floor) that it requires about 140 Pounds to draw them aſunder. This 
compar'd with the Experiment 22, on the Air-Pump, ſhewn in Plate 25. 
Fig. 28. ſhews that Air of double Denſity is juſt as much ſtronger, by 
its Preſſure, than common Air, as common Air is than a Vacuum: and 
this Preſſure when the Barometer ſtands at 30 Inches, is in round Num- 
bers equal to 12 Pounds upon a round Inch. N. B. As the Air varies 
in its Preſſure, the Weight requir'd to ſeparate the Hemiſpheres in this 
Experiment, or the 22d of the Air-Pump, is from 140 to 150 Pounds. 


EXPERIMENT 7 


ExnavusT the Hemiſpheres at the Air-Pump, before you put them 
into the condenſing Glaſs ; and having injeQed one Atmoſphere, you will 
find it require 280 46. to draw them aſunder, 


EXPERIMENT 8. 


Uyon the ſame Hemiſpheres exhauſted before they are put into the 
condenſingGlaſs, inje& two Atmoſpheres, and it will require 420 Pounds 
to draw them aſunder. N. B. The Collars of oil'd Leathers in the Braſs 
Dith at Top of the condenfing Glaſs, with the Water in the Diſh, hold 
all ſo tight, that no external Air is admitted in ſeparating the Hemi- 
ſpheres : an dtwo or three little Collars of Lead are on the Slip Wire, leſt 
the riſing Hemiſphere ſhould break the Glaſs by its great Jerk upon the 
Separation, | | 


ExXPERIMENT 9. Plate 24. Fig. 13. 

Tn1s Machine, call'd the Braſs Condenſer, conſiſts of two very ſtrong 
Braſs Cups, whoſe Brims are preſs'd together with a wet Leather between; 
and they are held by an Iron Croſs- bar kept down-with Iron Pillars and 
Screws, ſo as to ſuſtain an immenſe Force. Here the outfide Gage re- 
preſented at Fig. 8, and 9. is to be made uſe of: and eicher Air or Wa- 
ter may be injected. Bottles that could not be broken upon the Air- Pump, 
by the Preſſure of the external Air, nor even by 2 or 3 Atmoſpheres 


In 
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Led. XI. in the condenfingGlaſs, (not even when exhauſted before) becauſe of their 

— — Roundneſs, will be broken ſoon : provided the Bore of your injecting 
Syringe is not too big ; for the leſs the Diameter of the forcing Piſton, the 
more the Force of Condenſation you can apply. 

THe Reſiſtance of the Piſton of the injecting Syringe ariſes from this 
Conſideration. ' Since a Column of common Air, whoſe Baſle is a circular 
Inch, weighs about 12 Pounds ; when the Denſity of the Air is double, 
the Reſiſtance againſt the Piſton of an injecting Syringe, whoſe Area is an 
Inch, muſt be equal to a Weight of 12 Pounds: fo that you muſt reckon 
12 Pounds for every Degree of Denſity of the reſiſting Air, and multiply 
it by the Area of the Piſton. For Example, if the Air is condens'd by a 
Syringe of an Inch Diameter, when it is condens'd 10 times, the Hand 
puſhing the Piſton feels the Weight of 120 Pounds; whereas if the 
Syringe had been but of half an Inch Diameter, he would have only felt 
a Reſiſtance of 30 Pounds; or not the Reſiſtance of 120, till the Air 
had been condens'd 40 times. With a Syringe of a large Diameter, the 
Air will be injected ſooner ; but more forcibly, by one of a ſmaller Dia- 
meter: ſo that if you want a great deal of Air to be injected, begin 
with a large Syringe till the Reſiſtance is too great; then go on with a 
ſmall one. | | 


ExPERIMENT 10. Fg. 13. 
Plate . TAKE the little Bell of the 33d Experiment of the Air-Pump, and 
hk ſhut it up in the Braſs Condenſer; then you will hear it but at a ſmall 
Diſtance. Inject one Atmoſphere, and you will hear it as far again. In- 
ject two Atmoſpheres, and you will hear at a Diſtance proportionably 
greater, and ſo on. 
Is Wind-Guns, where it is requir'd to have the Air ſtrongly condens'd, 
Syringes of a ſmall Bore arc made uſe of, very little more than halt an 
Iach in Diameter, and fix'd in the Stock of the Gun, I have taken a 
Draught and ſlight Explanation of one of thoſe Machines from Mr. Pro- 
feſſor Muſchenbroek, in his Eſſays de Phyfique, Vol. II. 


F 


Plate 24. Fig. 14. ; 
Tuis Gun is made of Braſs, and has two Barrels. The inſide Barrel 
K A of a ſmall Bore, from which the Bullets are ſhot; and a larger 
Barrel on the Outſide of it ESCDR. There is a Syringe SMNP 
fix d behind the Barrels in the Stock of the Gun, whoſe Rod M draws 
out to take in Air; then it is puſh'd in in the Direction MN, where the 
Piſton 8 N drives the Air before it thro' the Valve E P in the Cavity be- 


tween the two Barrels, where it is retained between the ſaid Valves. _ 
6 | : 


* 
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as in another Gun. There is another Valve at 8 L, which bein 
open d by the Trigger O permits the Air to come behind the Bullet, ſo 


ſuddenly one Charge of Air may make ſeveral Diſchages; becauſe 
only part of the injected Air will go out at a time, and a new Bullet 
may be put into the Place K: or the whole Air may be diſcharged at once, 
which will ſhoot more forcibly. This is done by means of the Lock of 
Fig. 15. when fix'd to the Gun in the Place uſual for other Guns. For 
the Trigger being pull'd, the Cock will go down and drive a Leaver that 
opens the Valve. This is a Deſcription of the old Wind- Gun; but an in- 
genious Workman call'd L. Colbe, has very much improv'd it, by making 
it a Magazine Wind-Gun ; ſo that 10 Bullets are fo lodg'd in a Cavity 
near the Place of Diſcharge, that they may be drawn into the ſhooting 
Barrel, and ſucceſſively ſhot ſo faſt as to be of the fame uſe as the ſame 
Number of Guns ; the only Motion requir'd (when the Air has been in- 
jected before-hand) being the ſhutting and opening the Hammer, and 


preſent Form of Mr, Colbe's Gun, with its Improvements, as big as every 
Part is in the Gun itſelf; ſo much being ſhewn here, as makes the Ex- 
cellency of the Magazine-Gun, as he calls it ; the reſt being like another 
Wind-Gun. We are to ſuppoſe a vertical Section along the Axis of the 
Gun, and it will appear as follows. EE is part of the Stock. G is 
the End of the injecting Syringe having a Valve, and opening into the 
Cavity FFF F, which is the Space to contain the Air between the two 
Barrels. K K is the ſmall or ſhooting Barrel, which receives the Bullets 
one at a time from the Magazine, being a ſerpentine Cavity, wherein the 
Bullets 6, 6, b, b, &c. nine or ten, are lodg'd ; and from whence by one 
Motion of the Hammer (which we ſhall deſcribe) they are brought into 
the Barrel to I, from whence they are ſhot out by the Opening of the 
Valve V, which lets in the Air from the Cavity FFF in the Channel 
VKI, and fo along K KK the inner Barrel, whence the Bullet is diſ- 
Charged, ISM is the Key of a Cock, having an Hole thro it; 
which Hole in the preſent Situation makes part of the Barrel K K, being 
juſt of the ſame Bote: fo that the Air which is let in at every Opening 
of the Valve V, comes behind this Cock, and taking the Ball out of it, car- 
res it forward, and fo out of the Mouth of the Piece. To bring in an- 
other Bullet to ſucceed I (which is done in an inſtant) bring the cylin- 
drick Cavity of the Key of the Cock, which before made part of the 
Barrel K KK into the Situation # E, fo that the Part 1 may be at K, 
and holding the Gun upon your Shoulder, with the Barrel * 
an 


as to drive it out with great Force. If this Valve be open d and ſhut 16, 


cocking and pulling the Trigger. But the 16th Figure repreſents the 
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Ball K is put down into its Place, in the ſmall Barrel with the Rammer, Lect. XI. 
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Plate 24. 
Fig. 14, 15, 
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Lect. XI. and the Magazine upwards, one Bullet next to the Cock will fall into it 
— out of the Magazine, but go no farther into this cylindrick Cavity than 
the two little Pieces 5, s, like Finger Ends, with tender Springs behind 
them will let it; by which means only one Bullet at a time will be 
taken in, and the Key with the Bullet being return'd to its former Place 
will bring the Bullet to I, to be diſcharg'd at the next Opening of the. 
Valve, leaving the reſt of the Bullets in the Magazine. The two Circles 
2,2, 2, repreſent the Cock-Barrel wherein the Key above-mention'd turns 
Plate 24. about on an Axis not repreſented here, but viſible in Fig. 17. This Axis 
le ſquare Piece of Steel, on which comes the ſquare Hole of the Hammer 
H; by which (when it is brought down to ſhut the Pan of the Gun) the 
cylindrick Cavity mention'd is brought to open tothe Magazine, from 
which it receives a Ball at I, when the Magazine 6 6, &c. is held up- 
wards. Then opening the Hammer, as in Hg. 18. the Bullet is brought 
into its proper Place near the diſcharging Valve, and the cylindrick Ca- 
vity of the Key of the Cock does again make part of the inward Barrel 
KKK. N. B. Fig. 17, and 18. are half as big as the Pieces which 
they repreſent. | 
Wx come now to conſider the Make of the Valve, and the manner 
of opening it to diſcharge the Gun. A Piece of Braſs whoſe Bottom is a 
truncated Cone is made to fit the Hole LV, which that it may do the 
better, prepar'd Leather is tied round this Valve, whoſe upper Patt has a 
Shank paſſing thro', and made faſt by a Nut to the End N ofa very long 
Braſs Spring of about 18 Inches NN, whole fixed Point or Center ol 
Motion is between the two Barrels, or rather on the Outſide of the inner 
Barrel in a Strap under which its ſmall End is fix'd, whilſt its great End 
preſſing in the Direction VP keeps the Valve V thut ; and when the Valve 
has been open by puſhing up the Pin pP, brings it again to its Place, 
where it holds it tight. Beſides the Force of this Spring, the injected Air 
contained in the Cavity F, F, F, between the two Bands preſſes and keeps 
down the Valve with great Force. In order to raiſe the Valve upon oc- 
caſion (as when you would ſhoot) there is a Braſs Pin Pp about an Inch 
and an half in Length, and 3 of an Inch in Diameter, which puſh'd up 
thro the Hole OO, juſt big enough to let the Pin move up and down 
without any ſenſible Loſs of any of that condens'd Air that deſcends into 
the ſmall Barrel behind the Bullet, when the Valve has been lifted up by 
the Puſh of the Pin upwards, which is but inſtantaneous, unleſs when 
the whole Air is diſcharged at once to give the Bullet the greateſt poſſible 
Velocity. 
TRA 4 Cock and Plate of the Lock being taken off, the principal Parts 


of the Lock for puſhing up the Pan p P to make a Diſcharge * in 
view, 
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view, ſuch as Q R, T.. 8, W, Sc. which we ſhall deſcribe one after Lect. XI. 


another. 


Plate 24. 


is an horizontal Leaver moveable round a Center Pin n, whoſe pig. 1. 


upper Side at / is flat, for the End of the diſcharging Pin P þ to reſt upon; 
whilſt its under Part is bearing upon the End m of the tumbling, Leayer 
R, which puſhes it up together with the Pin at every Fall of the Cock. 

T is the Tumbler moyeable by, and moving, the Cock, which we 
ſuppoſe faſten d to it at T. This Tumbler is driven by the main Spring 
WW lifting it up at one End W, whilſt its other End # puſhes down 
one End v of the tumbling Leaver R, whilft the other End m riſes, and 
in its Riſe lifts up the firſt horizontal Leaver with the Pin to open the 
Valve V and make a Shot, | 

x is the Seer, Detent or Trigger- Piece which is moveableroundaCen- 
ter Pin at n, and by its Point x bears againſt the Half-cock Notch of the 
Tumbler at 5, and the Full-cock Notch at x ; from whence it is occa- 
fionally unlocked by the End & of the Trigger Z 2 moveable about its 
Center Pin, &c. 

Urox the Pull of the Trigger, the End of the Seer or Trigger- piece 
looſed from its Notch goes under x, and gives the Spring W W full Power 
to act upwards, and move the Tumbler in the Direction WT uv 32. 
The Tumbler by its End ꝝ deſcribes the Arc uv 32 carrying along with it 


the End vof the tumbling Leaver R, whoſe other End m deſcribing the 


Arcmlq, raiſes the flat End / of the horizontal Leaver Q up to , 
where lifting up the Pin Pp, it opens the. Valye V and diſcharges the 
Gun. But this Situation of the Pin P p, and Poſition of the Leaver Q g 
is only inſtantaneous; becauſe the End of the Tumbler parts with the 
End v of the tumbling Leaver at 3, going itſelf to 2, whilſt v goes to 1, 
and m coming from * the horizontal Leaver come back to its old Place 
v m, which it does by the Reaction of the Spring mt and the condens d 
Air in the Cavity FFF; and by that means only Part of the Air is let 
out at once; ſo that 10 or 11 very effectual Shot may be made one after 
another, without new Injection of Air. 

Ir the End of the Tumbler had gone no farther than 3 (which is 
ſometimes done by ſlipping a little Piece of Steel under the Notch in the 
Middle of the Cock) it would have kept down under it the End v of the 
tumbling Leaver, whoſe other End remaining at /, would have kept the 
horizontal Leaver and the Pin upon it up in ſucha manner that the 


Valve V would have continued open, and all the injected Air would 


have been diſcharg'd at once. _ 
THz are Springs belonging to ſeveral Pieces of the Lock not expreſs d 

here, which ſerve to keep them in their Poſitions, or to reſtore them to 
Vol. II. F ff them, 


— — 


Plate 24. 
Fig. 16. 
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them, when they have been ſtruck out of them, 1½, The Hammer 
Spring which keeps the Hammer ſhut, as at Fzg. 17. or open as at Fig, 
18. 2405, The Seer Spring to raiſe the Point of the Seer to its proper 
Notch in the Tumbler, as 5 or x. 3dly, A Spring preſſing up between q 
and n to keep the horizontal Leaver from falling out of its Place. . 
A Spring preſſing upon the tumbling Leaver R (betweenRand ) tore- 
ſtore it to its Place after it has been ſtruck down. The laſt Spring, 
and which is drawn here and muſt be deſerib' d, is a little Spring f 2% 
fix d to the under Side of the tumbling Leaver R for the following Uſe, 
Ris made of two Pieces; otherwiſe the End of the Tumbler # when once 
below it, would not come above it again; but the End « having a Tongue 
which goes into a Slit, moves round the Pin , upwards fo as to g 
Paſſage to the End of the Tumbler when it riſes from underneath; but 
it meets with a Stop at wf, when v is going down. When v is paso 
by, in going up, the little Spring above-mention'd by its End ? preſſes on 


the Heel of the little Piece v to bring it down from tv i into the fit 


Situation wv, to receive the Preſſure of the Tumbler. 

Tus Magazine 4, 6, b, Sc. D, receives the Bullets at its Opening D, 
over which a Plate X comes to ſhut them in; and they are kept in readi- 
neſs to be brought into the ſhooting Barrel by the Motion of the Hammer 
in the expeditious manner deſcrib'd. 


'Tr1s is far preferable to any of the old Wind-Guns ; becauſe: tho! 


. 
? 


ſome of them will hold Air for ſeveral Diſcharges, the Bullet muſt be put 


down the Mouth of the Barrel every time, which cannot be done ſoon; 
but in Kolbe's Gun the Bullet is brought into the Barrel in a Moment. 
Tho' the Pin P p with the Valve and long Spring NN is to be met with 


in ſome of the old Guns, as well as the Tumbler and ſome of the Leavers 


in the Lock, yet the Cock and the Magazine are entirely new, as alſo ſe- 
veral Contrivances in the Lock; and the whole fo well executed as not to 
be eaſily put out of order. For theſe Reaſons it may be look'd upon as 
the beſt Defence againft Highway-men, or Robbers that Travellersare 
aware of, becauſe when they have cauſe to ſuſpe& them, they may make 
five or fix Diſcharges before a Thief can come within Piſtol- ſhot. 


AxDÞ now to make this Book, as well as the firſt Volume of my Courle 
of Experimental Philoſophy as compleat as I can; I will conclude with a 
Chapter or Lecture, ſhewing the Application of the Principles that wehave 


explain'd, to the Uſes of Life, in giving the Deſcription of ſuch Engines in 


preſent uſe as are the beſt in their kind, with Obſervations upon them; 
But firſt give by way of Notes to this Lecture ſome miſcellaneous Obſer- 


vations upon Air, which could not ſo properly be put in the Lecturesz 
and that without any Order, | ANN0- 
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ANNOTATIONS upon the Eleventh Lecture. 


HEN Sir Iſaac Newton publiſh'd the ſecond Edition of his Opticks, Annotat. 
in the Year 1717, he added Queries to the 3d Book. Thoſe, toge- Lect. XI. 
ther with the reſt of the Queries, contain an excellent Body of Philoſophy, =vnmmnd 
and upon Examination appear to be true; though our incomparable Philo- 
ſopher's Modeſty made him propoſe thoſe Things by Way of Queries, which 
he had Obſervations enow to ſatisfy himſelf were true; he was unwilling to 
aſſert any Thing that he could not prove by Mathematical Demonſtrations 
or Experiments. This made a great many People conſider what he ſays in 
them merely as Conjectures; and 1 know very few, beſides the Reverend 
and Learned Dr. Stephen Hales and myſelf, that look upon them as we do 
on the reſt of his Works. Ever ſince that time I have made ſeveral Expe- 
riments, which have confirm'd my Belief of his Opinions, and Dr. Hales 
has made a great many more, which have clear'd up many of his Hints, and 
ſhew'd that Sir Jaac had made no raſh Aﬀertions. As it would be tedious 
to mention more Particulars, after I have ſaid ſo much on the Contents and 
Operations of the ſeveral Parts of our Atmoſphere, I refer my Reader to 
the Doctor's excellent Treatiſe of Vegetable Staticks ; of which 1 have given 
my Opinion in the Abſtract I made of it in the Year 1727, printed in the 
Philo/ophical Tranſadtions, N 398, 399 z and his Treatiſe of Hæmaſtichs pub- 
liſh'd ſince: Both Books are made into one by Monſ. Du Buffon, who has 
tranſlated them into French, in ſuch a manner as to do no Diſcredit to the 
Author. 

I SHALL only mention here ſome Things obſerv'd by the Doctor, and a 
few Things which I take to be natural Conſequences of his and my Experi- 
ments concerning Air. 

Tarar Air is ſometimes in a fix'd, and ſometimes in an elaſtick State, (the 
lafl being the only State in which Philoſophers took it to be before Sir I/aac 
Newton) as well as how it may be chang'd from one of thoſe States to the 
other, ſometimes with great Eaſe, and ſometimes with great Difficulty, has 
been ſhewa by Dr. Hales, by a vaſt Number of curious Experiments. 

AxIMALs and Plants are chiefly ſupported and increas'd by Air in theſe 
two States; the ſolid Parts by fix'd, and the fluid Parts by elaſtick Air; for 
ts enters the Pores of Plants and Animals in great Plenty, where ſome of it 
becoming fix'd, is as it were the Cement which joins the ſolid Parts together, 
whilſt what remains elaſtick keeps up the Activity of the Fluids. 

Tar elaſtick Air which is contain'd in many Bodies, is kept in them by 
the Weight of the Atmoſphere; and may be got out by common boiling and 
the Air Pump, in the manner that we have ſhewn by many Experiments: 
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but the fix'd Air which is much the greater Quantity will not be got out but 


by Diſtillation, Fermentation, or Putrefaction. 
Ir fix'd Air did not come out of Bodies with Difficulty, and ſpend ſome 


Time in extricating itſelf from the Subſtances in which it is contain'd; it 


*L.7. An. 12. 


would tear them to pieces. Trees would be rent by the Change of Air from 
a fix d into an elaſtick State; and Animals would be burſt to Atoms by the 
Exploſion of the Air in their Food. Dr. Hales found 48 Atmoſpheres in one 
Apple (that is, the Air condens'd 48 times; ) fo that its Preſſure outwards was 
equal to 11776 Th. and that of a cubick Inch of Oak of 19860 Hh. againſt its 
fix Sides. So that if the Air was let looſe at orice in thele Subſtances, they 


would tear to pieces every Thing about them with an Exploſion far ſuperior 


to Gunpowder, 

Yer in eating an Apple, if it ſerments in a Man's Stomach, and parts with 
all its Air, this is done by Degrees, the Air has Time to go out; and perh 
other Parts of the Food abſorb Air as faſt as the Apple generates it. NV. B. 
Dr. Hales has obſerv'd that the Digeſtion is beſt perform'd when dur Food 
(gray made up of Variety of Things) generates Air a little faſter than it 
is abſorb'd. | | 

In the Year 1708, I went thro' a Courſe of Experimental Philoſophy with 
Dr. Jobn Keil, at Chriſt-Church in Oxford, who, in his explaining to his Au- 
ditors the Uſe of the Lungs, ſaid there was Air in the Thorax on the Out- 
ſide of the Lungs, which acted upon the Lungs in the manner that we have 
deſcrib'd “; and gave me ſatisfactory Reaſons for believing it; tho? ſome Per- 
ſons oppoſed that Opinion, and gave Reafons to ſhew that the Lungs might 
play without any ſuch Air included in the Thorax. I was afterwards farther 
confirm'd in the Opinion given by the Doctor, by the Relation of Circum- 


. ſtances of ſome Surgeons who had cured Wounds in the Thorax, and even in 


the Lungs; and alſo by ſome anatomical Operations I made for that Purpoſe. 
Afterwards when I came to give Courſes of Experimental Philoſophy, it 
happen'd that at one of my Courſes in London, I had feveral Phyſicians who 
had ſtudied under Dr. Boerbaave, who at that Time did not believe there was 


any Air in the Blood (tho? I think he alter*d his Opinion fince) and I aſſerted 


that there was Air in the Thorax, and alfo in the Blood. The Gentlemen 
that were come from Holland gave their Opinion to the contrary, eſpecially 
the late Dr. Alexander Stuart, Phyſician to her late Majeſty, who ſaid he 
had ſeveral times open'd the Blood-Veſfels of Animals in vacuo, and never 
tound Air in them. Upon this I told him that certainly his Air-Pump mult 


not have been tight; and we agreed to repeat the Experiment in my Pump, 


which I would make very tight. Then we tied the jugular Vein of a living 
Calf very faſt, with two Ligatures 3 Inches aſunder, and ſo cut out that Piece 
of Vein an Inch on the Outſide of each Ligature. We faſten'd this Veſſel 
over the Top of a Coffee-Cup, and a Lancet to the lower End of the flip 
Wire that came down into the Pump thro? a Collar of Leathers, that it might 
be puſh'd down to cut the Vein. When the Receiver was well exhauſted, we 
puſh'd down the Lancet thro! the Blood-Veſſe}, and the Blood came down into 
the Cup full of Air and Froth, which convinced every Body. ” 


is this. 


A Coarſe of Experimental Philyoply. . log 


To give a full Account of what relates to the Luggs in reſpect of Air, it Annotat. 


Bes1pes the cooling of the Blood, which happens by means of the AiF 


at every. Inſpiration ; the Air not only oozes gradually out of the Lungs into 
the Thorax in a ſmall Quantity; but goes thro' the Veſicles and joins with 
the Blood itſelf, where ſome Part of it becomes fix'd and joins with the Glo- 
bules, and the reſt circulates with the Blood to the very Extremities, which 
we have Phænomena to prove. 

| Took the Lungs of a Rabbit, and having tied the Wind- Pipe to a Glaſs- 
Tube, and tied up the other Veſſels that we cut off, I blow'd them up with 
very little Force, till they were full; but adding a little more Breath I found 
that the Air eſcap'd, tho* the Lungs did not ſeem wounded. To find the 
Force capable of opening thoſe ſmali Paſſages I took a recurve Tube, or in- 
verted Syphon, having one Leg of about 9 Inches, and the other of about 12, 
which laſt I held in my Mouth, having put about 7 or 8 Inches of Mercury in 
the Bend of the Syphon; then having ſunk the Rabbit's Lungs under Water by 
a Weight, and taking in my Mouth the End of the Glafs-Tube faſten'd to the 
Wind- Pipe, and at the ſame Time the long Leg of the Syphon which was out 
of the Jar where the Lungs were immerſed ; 1 blew till the Mercury feemed 
to me io be about two Inches higher in the ſhort Leg than in the long Leg 
of the Syphon; and at that Time the Air began to bubble up in little Streams 
thro' the Water. When 1 blew harder, 1 did not perceive any new Streams 
of Air: Bubbles; but only the Air came faſter, as the Mercury roſe near an 
Inch higher, This ſhews the Lungs to be pervious, without being wounded ; 
but yet ſome Force to be requir'd, greater than what naturally acts in Inſpi- 
ration and Expiration. 

Ds. Hales has found the Air in the Lungs to be dilated about + more than 
common Air by the Heat of the Lungs, and therefore the Air in the Thorax 
on their Outſide muſt be in that State at a Medium: ſo that as the Cavity of 
the Thorax is contracted by the Fall of the Ribs and Riſe of the Diaphragm, 
this Air becoming more denſe muſt depreſs the Lungs, which cauſes Expira- 
tion. When the Ribs are raiſed, and the Diaphragm is let down to a Conca- 
vity, the Cavity of the Thorax being increas'd, its Air is weaken'd, and yields 
to the external Air, which blows up the Lungs and makes an Inſpiration. 
Now if either the Expiration or Infpiration be ſtopped at the Noſe and Mouth, 
whillt the abdominal Muſcles are acting to perform thoſe Operations, there 
will be ſufficient Force to have Air paſs into the Thorax from the Lungs, or 
from the Thorax into the Lungs, 05 as to alter that included Air in Quantity 
or Quality as the healthful State of the Animal requires. 

As for the Air mixing with the Blood, by paſſing thro' the Lungs, which 
Dt. Hales believes, but dares not poſitively affirm; (tho* he gives many Reaſons 
tor its Probability; as for Example, that of 48000 Inches of Air that we breathe 
in an Hour, one 13th Part or 3692 Inches loſe their Elaſticity, much more 
than can be owing to the Moiſture of the Lungs, and that a great deal of 
fi d Air is got out of the Craſſamentum of the Blood ;) beſides the Sulphur | 
Which comes out of the Lungs in breathing, and renders the Air etfcete 
7 h when 
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Annotat. when we breathe the ſame Air long, tho' no ſulphureous Body, or its Efflu. 
Lect. XI. via, be near——l think one Phznomenon puts it out of all Doubt, viz. that 
Men can live in Dr. Halley's Diving-Bell at prodigious Depths under Water, 
and ſuffer no Inconveniency ; for how could a Man uſed to bear on his Body 
a Preſſure of 30, ooo Th. only, bear with the ſame Facility a Preſſure of 
300,000 Th. if he did not breathe an Air of ſuch a Denſity as is Capable of 
bearing all that Weight? and ſuch Air muſt be carried by the Circulation of 
the Blood to all the Extremities ; otherwiſe it would be ſenſibly felt. As 2 
farther Proof of this, let us conſider what Mr. Triewald's Diver told him that 
happen'd to him, when by Accident he was lower'd in the Bell only a Fa. 
thom, or a little more, too ſuddenly, viz. that he bled at the Noſe and Ears, 
and felt an intolerable Preſſure. What could this be, but that the condens d 
Air had not Time to paſs with the Circulation to every Part, in order to bear 
the new, ſudden, additional Preſſure of Air. N. B. It is no Objection, that 
the Air is ten Times denſer in the Diver's Bell, to its entering the Lungs, and 
going thro' the fine Paſſages that carry it into the Blood; becauſe the Particles 
of Air cannot adhere to one another, and thereby grow bigger ; they only 
require to paſs with a little more Velocity. Thus in Hydroſtaticks we find 
that a round Hole of an Inch Diameter will tranſmit but a Tun of Water in 
| an Hour, when the Surface of the Water is but an Inch above the Center of 
| the Hole; where a Hole of the ſame Bore in an Ajutage whoſe Jet riſes 50 
Feet, will afford 30 Tuns an Hour, tho' we know there is no Compreſſion in 
Water, a greater Velocity being ſufficient for this Phenomenon, 
Wren three or four Perſons are in a Coach, and draw up the Glaſſes, the 
Glaſſes ſoon become cover'd with Dew, which in a great Meaſure hinders their 
.. Tranſparency ; but when once the Dew has been wiped off, there is no more 
gather'd upon the Glaſs, but it continues tranſparent. The Reaſon of this 
| Phenomenon is, that in Compariſon to the moiſt Vapours that come from the 
Perſons in the Coach, the Glaſs is cold, and condenſes them, remaining cold 
longer than any other Part of the Coach, as we find in damp Weather that 
Marble will become wet by condenſing the Moiſture of the Air. Then by 
Degrees the Glaſs partaking of the Warmth of the Perſons in«the Coach, is no 
| longer able to condenſe the floating Vapours into Water. The Proof of this 
| is plain, by letting down the Glaſs into its Place; becauſe there it cools, and 
| then being brought up, it again condenſes the Vapour, and gathers a Dew ; 
without which it would not condenſe the Vapour, tho' in many Hours 
travelling. N 
Tuo' few Animals can bear a Vacuum, very tender Animals will bear con- 
dens'd Air. I have tried a Linnet, and ſeveral other Birds, which have borne 
| two Atmoſpheres, beſides the common Air, (that is, Air of triple Denſity) 
without ſeeming to be affected with it: and a Rat, on whom 1 injected four 
Atmoſpheres, without diſordering him, expir'd in half a Minutg in a Va- 
cuum: This I take to be for the ſame Reaſon that Men can go down to great 
| Depths in Dr. Halley's Bell, viz. that the denſe Air gets into all the Cavities 
| of the Animal encompaſs'd with it, and is thereby able to bear all the addr 


tional Preſſure from without, provided it be laid on gradually, 1 
5 N 
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As a Syrings does not throw in Air faſter than an Animal can breathe it Annotat. . 
in, we can make no Judgment of what would happen if an Animal was to Lect. XI. 
receive the Preſſure all at once; there ſhould be tried an Experiment of tha. 
kind, which I have not tried yet, but will ſome time or other. It ſhould be 
done thus. A large and very ſtrong condenſing Engine, able to hold nine or 
ten Atmoſpheres, (as one of Papin's Digeſters, for Example) ſhould have as 
much Air injected into it as it is able to bear, with a Cock and Pipe coming 
from it: then a ſmall Animal, as a Rat or Mouſe, ſhould be ſhut up .in a 
{trong ſmall Veſſel but juſt able to hold him, the Cover of which ſhould have 
a Screw to join it to the large Condenſer, when it is full of compreſs'd Air 
then by ſuddenly making a Communication between the two Veſſels, by open- 
ing the Cock, it will appear what Effect the Preſſure of the denſe Air will 
have on the Animal. But one may gueſs it, by what happen'd to Mr. Trie. 
wald's Diver, when he was let down too faſt in his Bell. See Page 219. 
ANIMALS will die in ſtagnant Air, as we have already hinted; and this 
happens when the Lungs cannot be blown up to the Dimenſions requir'd for 
Breathing, which 1s either owing to the Diminution of the Quantity of the 
Air to which an Animal. is confin'd, when it is too much abſorb'd by the 
Effluvia mix'd with it, which deſtroy its Elaſticity, and make Moleculz that 
precipitate with it; or elſe are too big to enter into the Veſicles of the Lungs, 
eſpecially when thoſe Effluvia are mix'd with acid Spirits that contract the 
Lungs. For tho' neither the Action of Heat or Cold, nor the Uſe of Sy- 
ringes and Pumps, or any other mechanical Inſtruments, can with any Force, 
or in any Time, deſtroy the Elaſticity of what we have calPd permanent Air; 
yet Elaſticity is no immutable or inſeparable Property of Air: for there is a 
Power of Attraction far greater than the repulſive Force of the Air, when it is 
im its elaſtick State, lodged in many kinds of Effluvia, which can reduce it to 
a fix'd State; and that Power is ſo much the greater as thoſe Effluvia are 
finer. Nay, the very ſame Body, as its Effluvia or ſmall Particles are 
coarſer or finer, either will not abſorb (that is, overcome the Elaſticity of) the 
wy > abſorb it languidly, or abſorb it very copiouſly, See Dr. Hales's 
g. Nat. 
Tura ſeem to be but two Powers, or general Agents in Nature, which, 
according to different Circumſtances, are concern'd in all the Phænomena and 
Changes in Nature; viz. Attraction (meaning the Attraction of Gravity, as 
well as that of Coheſion, Sc.) and Repulſion. It ſeems not reaſonable to 
aumit Elaſticity for a Principle, ſince it may be generated and deſtroy'd in 
Solids *, and likewiſe in Fluids, as appears by many Obſervations and Ex- * L. 6. Page 
periments Þ. | ' 39. 40, & eg. 
Q. 1. TaaT Water does not appear by any Experiment to be elaſtick, 
to we know it to be made up of Particles capable of great Elaſticity: May 
got be owing to the Action of the two counter · acting Powers above-men- 
i190 d exerting their Force at the ſame Time ? 
F 4.2. May there not be Limits, beyond which the Attraction of Cohe- 
on Cannot bring the Parts of Water into, on account of that ſtrong Repulſion 
| taking, 
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+ See Dr, Hales's Vegetable Staticks, Vol. I. from Page 156, to Page 315, 
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Annotat. taking Place, which has always hinder'd it from being compreſꝰd the? it 
Lect. XI. is well known from Phænomena, that there are no Interſtices wanting for the 
— Parts of Water to come nearer together, were it not for that Power of Re- 

pulſion. | 7 | 
Qu. 3 May it not be owing to the want of Contact, or to the Smallnef 


* Page 247. 
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of its Degree, that Water, and thoſe Fluids that have Water for their Baſis 
are ſo eaſily ſeparated into elaſtick Vapours ? "a ; 

Qu. 4. May it not be owing to the ſame. Reaſon, that Spirit of Wine boils 
ſooner than Water; fince its riſing to a leſs Height in capillary Tubes, ſheyy 
that it has leſs Contact than Water? - | 

Px. 5. May not the Attraction of Coheſion exert a greater Force on the 
denſeſt ſmall Particles, ſo that Effluvia conſiſting of Parts of the greateſt ſpe. 
cifick Gravity (except the Attraction between ſulphureous Bodies and Light) 
ſhall be able to overcome a greater Repulſion than that which makes Water 
incompreſſible, and keeps it ro a fluid State. 1 

94.6. Is not the Attraction of Coheſion in ſolid Bodies almoſt inſenſible till 
they come into Contact, or very near Contact; and then extremely ſtrong ? 
Since we can bring no Metals to cohere by preſſing them together, but Lead; 
and ſcarce any other Bodies, but fome precious Stones ? And only when they 
are very ſmooth and well polifh'd ? | 

Qu. 7. Is it not that kind of Attraction which exerts itſelf when Air is 
brought from an elaſtick into a fix*d State ? 

Qu. 8. Is not this Attraction far greater than what a&ed upon Water, 
when it acts upon Air? Since Air has been made denſer than Water, and ſtill 
retain'd its Elaſticity and repellent Force; and it muſt be ſtill more denſe than 
that before it comes to a fix'd State “. 

Qu. 9. Dos not the repulſive Quality of the Air act with more Force to 
drive the Particles from each other when feparated ; in Proportion as it holds 
them together when fix'd ? IN 

9x. 10. Is it not prov'd, that both the Attraction and Repulſion act much 
more ſtrongly when they act upon Air, than upon Water and Vapour? 

N. B. Tno' this may ſeem at firſt contrary to Phænomena, yet Obſerva- 
tions rightly made will confirm it. The ſame Heat indeed which makes Wa- 
ter boil, rarefies it into Steam, which is 14000 times leſs denſe than when it 


was Water, and 16 times rarer than Water at the Surface of the Earth, 


whilſt the ſame Degree of Heat rarefies Air but +. But to make the Compa- 
riſon juſt, we are not to compare the Effect of Heat to rarefy the Air, when it is 
already in an elaſtick State, with the Effect of the ſame acting on Water to turn 
it into Steam; but we are to compare together the Difference of Denſity of Wa- 
ter, when cold, from the Denſity of the Vapour rais'd from it, with the 
Difference of the Denſity of the Air, when in a fix'd State, to the Denſity of 
the fame, when become elaſtick ; and then we ſhall find a much greater Dit- 
ference between fix'd and elaſtick Air, than between Water and Vapour, 
when it is moſt expanded. In Dr. Hales's Diſtillation of the Calculus humans, 
half of which was fix'd Air; that Air was expanded 1290 times as it came into 


an elaſtick State, and of the Denſity of the Air we commonly breathe; which 
| | | | 1$ 


* 
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is but the 1000th Part of the Expanſion of the Air in the Air-Pump, when Annotar. 


the Preflure of the incumbent Atmoſphere is taken from it: and at great Lect. XI, 
Heights the Rarity of the Air exceeds that much, and we know no Bound 


to its Expanſion, At the Height of 10 Miles above the Earth's Surface the 
Air is much rarer than any Degree of Steam. Nay, and the Steam itſelf, as 
it floats in the Air, does not keep the Rarity with which it firſt roſe from the 
Surface of the boiling Water; but is condens'd 10, 12, or 14 times, in order 
to ſorm thoſe Clouds which reſt in the Air at an Height of two Miles, one 
Mile, or half a Mile; there being ſeldom any Clouds higher than two Miles. 
Burt if the Steam made Clouds when it is 16 times rarer than Air, thoſe Clouds 
would have their quilibrium at the Height of 7 4 Miles, where the Air is 
16 times rarer than at the Earth's Surface. See Sir Iſaac Newton's Optichs. 

Qu. 11. Mar not different Sorts of Air be produced by Diſtillation, and 
Fermentation, and Putreſaction, not only from different Bodies, but even 
from the ſame Body : and may not that Air be permanent, which is extri- 
cated and ſhaken off from the moſt ſolid Parts, whilſt that which is produced 
from the more aqueous Parts is often re-abſorb'd by the folid Body, or ſome 
of its other Effluvia? 

Qu. 12. Does not it appear that both animal and vegetable Subſtances con- 
tain different Sorts of Air: ſince the Calculus humanus, and the Rheniſh Wine 
Tartar, which in Dr. Hales's Experiments generated the moiſt Air, abſorb'd 
again + Part of it in eight Days; but the Air that was left was permanent, and 
therefore very different from the other. 7 

Qu. 13. Do no mineral Bodies alſo produce, or generate different Sorts of 
Air; of which, when ſome is re-abſorb'd, the reſt continues permanent? 

©4.14. Wren the Air changes from an elaſtick into a fix'd State, what 
becomes of that prodigious repulſive Power in the Air that no mechanical 
Force could ſurmount ? Is it not overcome by a ſtronger Power of Attrac- 
tion in Contact; but yet ſo as to remain ſtil] in the Body, tho” inactive? And 
may it not be call'd a latent Power of Repulſion? | 

Qu. 15. Waen acid Particles, that are extremely active, ruſh againſt hard 
Bodies to ſeparate their Parts, and beat them off into elaſtick Air, cauſing a 
Heat and Fermentation, does not this latent repulſive Force help that Solici- 
tation ; and by Degrees recover its Force ? 

94. 16. Doxs it not appear from what we have ſaid in our Diſſertation 
concerning Electricity; and in the next Diſfertation concerning the Riſe of 
V apours, that Air is electrical: and that Vapours would e into Wa- 
ter upon the Removal of the Heat which expanded the Water into Vapours, 
as it happens in the Engine to raiſe Water by Fire; if it was not for the Elec- 
tricity which Air communicates to the Vapours, whereby they repel one ano- 
ther, and ſettle into Clouds; having by that Means a limited repulſive Force, 
whereby they do not change their ſpecifick Gravity, but their Place, as the 
ambient Air changes its Denſity. For if the repulſive Force of the Vapours 
could be increas'd or diminiſh'd upon the Removal or Increaſe of the ambient 
Preſſure, we never ſhould have any Rain. 


. Gee *. 


Loect. XI. 
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2s. 17. Doxs it not ſhew great Wiſdom and Goodneſs in the ſupreme 
Being; that the Attraction of Cohe ſion acts upon Water and aqueous Fluids 
differently from what it does upon Solids, and ſuch Fluids as are compos'd of 
Exhalations, or the Effluvia of ſolid Bodies ? viz, to facilitate the Evapora- 
tion of Moiſture from humid Bodies and watery Fluids; and to help the For- 
mation of Rain from thoſe Vapours nd Steams of which Clouds are made? 

Fox when this Attraction has brought watery Farticles into Contact, or 
rather very near it, does it not ceaſe to bring them. any-nearer, either b 
loſing its farther Activity, or being check'd by ſome inſuperable repulſive 
Force, which prevents the farther Condenſation of the Liquor. When per. 
haps in regard to all kinds of Air and Exhalations generated from ſolid Bodies, 
the Attraction of Coheſion begins“ but at a nearer Contact than that at which 
it ended, -in regard to Water : becauſe of the Neceſlity there is for Water to 
be thrown into Vapour, and rais'd up by a ſmall Degree of- Heat ſeparating 
its Parts by inteſtine Motion, or carried off by the Electricity of Particles that 
attract it; both for forming Clouds, and drying moiſt Bodies upon occalion. 
Whereas it is neceſſary that ſolid Bodies ſhould not have their Parts ſo eaſily 
ſeparated. Again, the Reaſon that the Attraction of Coheſion, in reſpect of 
Water or watery Vapours, begins to act at a ſenſible Diſtance, ſometimes more 
than a Quarter of an Inch, is, that when thoſe watery Vapours that float to- 
gether, (yet repelling one another by an Electricity they have receiv'd, or by 
the Heat which firſt rais'd them) come to have their Particles brought nearer 
together, (either by the Reſiſtance of the Air when they fall in it by an acce. 
lerated Motion, by a Shock from a Flaſh of Lightning, or by-running againſt 
the Side of a Mountain, or a Ridge of Hills) they may be brought together 
to form Drops of Rain; the Attraction of Coheſion prevailing here at a con. 
ſiderable Diſtance, a Quarter of aa Inch, or half a Quarter, being a great Diſ- 
tance, when compar'd with that at which the Attraction of Coheſion pre- 
vails, in regard to the Air, which muſt continue fluid much higher: and the 
ſulphureous Effluvia, and other Exhalations, which are neceſſary to mix with 
the Air, even to great Heights, to purify it from noxious Steams, by Fermen- 
rations, and often by Exploſions; and ſuch Winds as are generated by the 
ſudden Prefence or Abſence of hot Effluvia. Thoſe that would be inform'd 
concerning Dews and Meteors, I would zecommend to that accurate and in- 
defatigable Philoſopher Petrus Van Muſcbenbroet, Profeſſor of Mathematicks 
and Experimental Philoſophy of Leyden. See his Phyſical Eſſays already 
quoted, eſpecially what he ſays of Dew, on which he has try'd many Expe- 
riments : ſee from Page 753 to 785 of the ſecond Volume of his Es de 
Phyſque above mention'd. 

There ts a Phænomenon, which has lately happen'd; but as it is a Cuſe 
in Phyfick I thought not to mention it. But as it relates to the Lungs, &c. 
T have been defir'd by ſome Friends to inſert it, as it is a Philoſophical Con- 
federation. It is this: Ever ſince I can remember, the burning of a Brim- 
ſtone Match to light a Candle has always given me a grateful 3 

ikewilc 


_ * By Dr. Hals Experiment, Air has been made denſer than Water, without loſing its Elaſ- 
ticity. | . | 
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likewiſe the Smell of fir'd Gunpowder has been very agreeable to me; Annotat. 3 
tho' both theſe are very unpleaſant to many People. I take the Cauſe to be Lect. XI. | 
this, viz. that the Veſicles of my Lungs are either larger, or have larger Paſ- — — 
ſages into them, than the Velicles of the Lungs of thoſe who cannot bear theſe 
Smells, and that Molecule made up of ſulphureous and aerial Particles are not 
ſo big as to be excluded from the Veſicles of my Lungs, where they remain 
till ome Part of them join with the Blood, and the reſt goes off in Expiration. 

Of late being troubled with an Aſthmatick Diſorder, after a very ſevere Cold, 
I have found the burning of a Brimſtone Match painful, and very offen- 
five to me, tho* fir'd at five or ſix Yards Diſtance. ' I fear'd that there was 
ſome great Change in my Lungs, which occaſion'd this Alteration ; but Dr. 
Thomas Thompſon (Phyſician to his Royal Highneſs the Prince of Wales's 
Houſhold) told me that my Lungs were not impair'd, but that a ſtiff and 
glewy Mucus lined the Bronchie, or Veſſels of the Lungs, ſtopping ſome of 
the Paſſages into the Veſicles, and contracting others, (juſt as Mucus in the 
Guts ſometimes ſtops the Mouths of the lacteal Veſſels;) and that by removing 
this Mucus, he would ſet my Lungs clear of this Uneaſineſs. Accordingly, 
by taking-his Medicines, I find myſelf entirely reliev'd of the Aſthma; and 
(what I mention this chiefly for) the Smell of burning Brimſtone gives me the 
lame agreeable Senſation now, that it has been uſed to give me all my Life. 
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LECT VEE Xt 


On Engines, eſpecially Hydroftatical and Hydraulich 
| | Machines. 


and Oſeſulneſs of mechanical Engines, the Mechanical Organs or 
ſimple Machines, out of which all compounded ones are made up; 
and ſhew'd the Impoſſibility of a perpetual Motion, therefore the Folly 
of ſeeking for it; that I muſt deſire my Reader before he goes on with 
this Lecture, to look back into the firſt Volume and read with care the 


I. AVE ſaid ſo much in my firſt Volume concerning the Nature 


th Annotation to Lecture 2d, all the 3d Lecture, and the 1ſt and 14th 


Annotation to the 3d Lecture. By that means he will have freſh in his 
Mind, what ought to have been repeated here, but that I was unwilling 
to be guilty of Tautology. I will now only add a few Cautions for 


' thoſe who have occaſion to make uſe of Machines: But firſt we muſt 
- confider, that 


1. THERE are certain Limits in the Application of Machines, which 
can never be exceeded: and it is the want of knowing this, which makes 
People ſo fond of new Inventions, in hopes of great Performances; when 
the Effect of the beſt Engines does not exceed that of the worſt one Part in 
five. But here I muſt explain myſelf, and let my Reader know, that! 
ſuppoſe that what I call the wor? Engine, has its Materials as good, its 
Parts as compleat, and its Work as well executed, as what I call the %,; 
ſo named only upon account of the different Contrivance. That is, if a 
certain Power raiſes a certain Weight in a certain time, by means of a 
very plain and ſimple Machine; it is not in Art to contrive another Ma- 
chine, whereby the ſame Power ſhall raiſe one fifth more of Weight in 
the ſame time; or the ſame Weight in a time ſhorter, by one fifth. 
This will ſeem a Paradox to thoſe who are not acquainted with mecha- 
nical Principles; becauſe we daily ſee the ſame Number of Men or of 
Horſes, or the ſame Stream of Water perform ten times more with one 
Machine than with ancther ; but this has not been on account of the 


Goodneſs of the be/?, but the Badneſs of the worſt of the two _— 
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in diſadvantageous Poſtures; Streams of Water half loſt, Back-Water re- 
turning ; Whole Machines ill put together, &c.. have been the Cauſe of 
the Differences. There is a great deal of room for ignorant enterpriſing 
People to exceed one another in mechanical Defects: There is a Profund 
among thoſe that hammer, turn and file Wood. and Metals, as well as 
among thoſe that make Verſes ; and there are Plagiaries among Engine - 
Makers, as well as among Writers, and who as often make a wrong uſe 
of what they ſteal. An undertaking Plumber had once made a Water- 
Engine with a double Axis in Peritrochio, with two Barrels to raiſe Wa- 
ter to a Gentleman's Houſe only about 30 Feet high; and having ſeen a 
Fly uſed in another Engine where it render'd an uniform Motion regular, 
thought it gain'd Force, and applied a very large one to the ſloweſt 
Mover of his Engine, inſtead of applying it to the ſwifteſt. When the 
Gentleman ſhew'd me his new Machine, where four Men work'd hard 
to raiſe the Water to his Houſe ; I took off the Fly, and then one Man 
work'd the Engine with more Eaſe than the four did when the Fly was on. 
Sometimes thro' Ignorance ſome Men finding an Effect ill perform'd 
a very defective Machine, find out another Way of doing the ſame thing, 
and fancy they have found out a Contrivance as many times better as 
the Performanee happens to be better; whereas if the old Engine had 
been well executed, it would have differ'd but very little from the new. 
One time a certain Man wanted a Patent for what he call'd a new Diſ- 
covery, (but the Invention was neither new. nor his own) which he 
ſhew'd to a Gentleman, by whoſe Intereſt he hoped to get his Patent, 
The Gentleman told me, that a Perſon had ſhewn him ſuch an Improve- 
ment in Wheel-Carriages, as to exceed 20 or 30 times what Sas common. 
As I knew the thing to be impoſſible, and was told the Perſon would 
not let me ſee it; 1 employ'd a ſkilful Friend to take a view of it, who 
told me that the Model to repreſent the common Carriages with which 
he compared his Machine was purpoſely made ill, 7 or 8 times worſe 
than a fair Model, with the Wheels and Axle-Trees irregular : fo that 
tho his Engine did indeed exceed by many times what he call'd the 
common Carriages; yet the whole was a Cheat, the Advantage very ſmall, 
if any; and the Event anſwer d accordingly at laſt. So have I known 
lome knaviſh Workmen, by fome conceal'd Trick, pretend they had 
found out a perpetual Motion: or, which is the ſame, fuch Propofitions 
as a perpetual Motion would be the conſequence of, in order to get 
Money of credulous Perſons. There was one not long ſince who left 
a 200d Trade to run after mechanical Projects, that ſhew'd a Model by 
; which 


413, 
Power loſk or miſapplied, bad Materials, unneceſſary Frictions, oblique Lect. XII. | 
Tractions where they ſhould have been perpendicular, Animals working. 
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Lect. XII. which he made Perſons of indifferent Skill believe, that one Pound de. 
ſeendingone Foot would raife a Pound and a Quarter to the ſame Height, 


A is. 


or by its Deſcent of a Foot would raile one Pound to more than — 


| Height.. | F 


In civil and military Architecture, and ſuch Works as Water is not 
- Concern'd in, there are made the feweſt mechanical Blunders; or the 
Faults made, are eaſily corrected. Architects and Engineers are (or ought 
to be) ſkill'd in the Uſe of mechanical Organs: and as in few of their 
Operations they are confin'd to Time, or Space; they can increaſe the 
Effect of a Power at any time, by diminiſhing the comparative Velocity 
of the Weight; which can be done as they have almoſt at all times the 
Command of Time and Space, This was well underſtood by the An- 
cients, who made ſo much uſe of mechanical Inſtruments, that the Prac- 
tice of Mechanicks was Part of the Art of War; for which no Expence 
was wanting: But the Invention of Gunpowder has fo far chang the 
Manner of Fighting, that we have loſt many fine Inventions, which were 
ſoon diſuſed when they were no longer carried on at publick Expence. 
Hydraulicks indeed, which they knew butlittle of *, have been carried on 
by private Men, becauſe of the Profit to be reaped from them; but there 
are more Qualifications requir'd for Water-Works than People commonly 
imagine; and yet there are perhaps more Quacks in this Art than any 
other except one. He that would meddle with Water-Works, ſhould 
know ſo much of Mathematicks, as to underſtand mechanical Principles; 
be ſo much a Philoſopher, as to be {kill'd in Hydroſtaticks and Pneuma- 
ticks ; and be ſo good a practical Mechanick, as to know the Nature of 
Materials, and how to put them together in the beſt manner. Such 
were the Undertakers of Water-Works till the laſt Age. 
Turn have indeed been ſome of a ſtrong natural Genius for Me- 
chanicks, that without any previous Knowledge of Mathematicks and 
Philoſophy, have performed great Works, and built ſuch Rules upon 
Facts and Obſervation as have ſtood them in good ſtead. By uſing them- 
ſelves to think of one thing only at a time, they have learn'd many Pro- 
perties and Proportions of Bodies, which comparingafterwards with great 
Attention they have been ſupplied with natural Mathematicks of their 
own. Such were Hadley and Sorocold the only Engine-Makers of any 
Note of the laſt Age in England; who never fail'd of Succeſs in their 
Undertakings, becauſe their chief view was what the Works might be 
brought to perform, before they conſider'd what Profit they ſhould get 


by 


Men and other Animals were employ'd for grinding Corn till the fixth Century, when 
Water firſt was applied to Corn- Mills; aud Wind not till about the Year 1200. 
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by them. Now we are over-run with Engineers, (not Ingenieurs of a Lect. XII. 
proper Education for the Science) and Projectors, eſpecially in Water]... 
Works; who only conſidering what they ſhall get by a Piece of Work, 
or what Advantage may be made of a cried-up Undertaking, perform 
things curſorily and in a flight manner to get Machines off of their Hands, 
and ſometimes draw in Numbers of People into ruinous and unpracti- 
cable Schemes. Few, like the late Richard Newſham, ſtudy the Advan- 
tage of the Buyers of their Engines. The Reader will judge of New-' 
hams, by their Draughts and Deſcriptions at the End of this Lecture. 
Almoſt all the Plambers and Mill-Wrights now ſet up for Engineers; 
tho' | nardly believe there are two of them who know how to meaſure 
the Quantity of Water requit'd to turn an Underſhiot, or an Overſhot, 
or a Breaſt-Mill. They only judge of a Stream by the Eye, and he that | 
has moſt Practice is likely to ſucceed the beſt. _ . 

SomeTIMES Mathematicians, who are more uſed to pure, than mixed 
Mathematicks, and not accuſtomed to mechanical Performances, have 
undertaken the EreCtion of a Water- Work, and have fail'd of Succeſs, 
either thro the Ignorance or Knavery of Wotkmen: for when a Mathe- 
matician, having conſidered in general his Defign and calculated the In- 
tenſity of his Power and his Weight, leaves the Execution of the ſeveral 
Parts of the Machine to the Workmen, the Unſkilful will undertake 
what he knows nothing of, and the Knave will diſappoint his Maſter's 
Deſign by performing ill what he can declare was not his cu Scheme 
or Project, There is a Combination among moſt Work men to make a ; 
Myſtery of their Arts: and they look upon him as a falſe Brother, who 
lets Gentlemen into their Manner of Working, and the Knowledge of the 
Price of all the Materials. Mathematicians and Philoſophers they call 
Men of Theory, and have propagated a Notion which is as common as 
it is falſe, vi2, that many Things which are true in the Theory, do no: 
an/wwer in the Practice. But the Caſe is, that a light Sketch of a Deſign, = 
and general Proportions, are often call'd a Theory, which being incom- 
pleat, will fail in the Practice. | | 

Bur to have a compleat Theory, the Undertaker muſt underſtand 
Bricklayer's Work, Maſon's Work, Mill- Wright's Work, Smith's Work, 
and Carpenter's Work; theStrength, Duration, and Coherenceof Bodies ; 
and muſt be able to draw not only a general Scheme of the whole Ma- 
chine, but of every particular Part; and ſmall Parts muſt be drawn by 
large Scale, in order to be fully examined before any thing is begun. 
ouch a Scheme, which the French call Devis, and. expect from their In- 
genieurs for the Fortifications of Places, or flom the Undertakers of any 
great Works, are the only full and true Theories. If he who takes in 

7 | hand 
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Lect. XII. hand any great Work, is Mathematician enough to calculate what the 

wry Effect of his Power mult be, deducting what is ſufficien ton account of 

Friction or other Accidents, and has fo much Skill in Practice to over. 

look the Workmen, that there ſhall be no Diligence, Skill, or Honeſty, 

wanting in the Performance, I dare ſay the Execution will always anſwer 

ſuch a Theory. I have known ſome Perſons of Fortune, who being co. 

vetous, but unwilling to own it, full of the Notion-of the Difference 

between Theory and Practice (or excus'd by it) have hearken'd to the 

moſt ignorant Pretenders, who have call'd themſelves Men of Pradice, 

in order to ſave Money, when they have wanted Water to be raiſed, 

; which they ſuppos'd thoſe who were eminent for their Knowledge that 

Way would expect; and thought that Work done «vel eneugh and very 

cheap might be ſufficient, as if raiſing of Water requir'd no more Skil 

than Hedging and Ditching. Thus many People employ the Apothe- 

cary to ſave the Charge of the Phyſician. N 

ABouT 3 or 4 Years ago, there was one Hugh Roberts (whom, by his 
Ignorance, I ſuppoſe to have been a Horſe- Driver at ſome Coal-Pit in 
Wales) who, boaſting of his great Skill in Water-Works, (far beyond 
what was poſſible) drew in a great many Gentlemen to advance him 
Money, and got leave to pump the Water out of Roſamond's Pond in 
St. James's Park, as a Specimen of what he was able to do; but that 
Performance, and the Repayment of the Money, will come at the ſame 
time. I know five or fix Perſons who have been taken in that Way, 
even after I had told them that the Perſons applying to them were ig- 
norant Pretenders. What they loſt by them, and reading this, will make 
them remember it. Theſe bold Undertakers, who are generally Perpe- 
tual-Motion Men, are ſo ignorant as not to underſtand the Language 
whereby they ſhould be (ſhewn their Error; and I have known but one 
of five and thirty who has been convinced that he was in the wrong in 
his Scheme for a perpetual Motion. 

Bor to prevent any Perſon from being impos'd upon for the future, 
in relation to Mills or Water-Works, I will, in this Chapter, ſhew the 
Maximum in theſe Caſes; that is, ſhew how much Water can be raiſed 
to a certain Height in a certain Time, by ſuch a Stream of Water ſtriking 
againſt a Wheel, or by a certain Number of Men or Horſes. Then 
People may be aſſur d, that whoever pretends to have found out an 
Engine that ſhall do more than in ſuch Proportions, either deceives 
himſelf, or would deceive others. : 

AFTER what I have ſaid now, and in my Account of Pumps in this 
Volume, the Reader will find, that for Machines in which no time is tobe 
loſt, and therefore the moſt is to be made of the Power; ſuch as * 


% = * 
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Val üs Engine to drive PLES. aig 
worked by Water; or to raiſe Water, an Account of 15 or 20 of the beſt Le&. XIl· | 
extant, will be as ſufficient for his Inſttuction, as if we had given 100k —7 


the reſt being only Matter of Curioſity. It does indeed happen in En- 
gines, that are not hydraulick ones, that ſometimes we cannot afford to 


loſe time, tho we are oblig d to do it upon other Octaſions. In ſuch a 


Caſe, we muſt take cate that one Operation of an Engine, is not an Hin- 
derance to another Operation of it; otherwiſe e ſhould not aim at two 
different Effects. A ſhott Account of the Crane at Briſtol will ſhew 
what is to be done in that Caſe. The great Crane ſet up there by the late 


Mr. Padmore is mov d by a very ſmall Trundle or Lantern, whoſe Rounds 
take the Cogs of a very large Wheel, ſoqas to have the Power of two Men 


ſufficient to raiſe the heavieſt Goods out of 41 Ship; ſpending the Time 
neceſſary in the Operation: But as there are a great many Bales of Goods 
5 or 6 times lighter than the heavicſt Coods, and it would be Loſs of 
Time to employ the Crane in the manner already deſcrib'd to raiſe them; 


there is a Contrivance to looſen the Lantern or Trundle from the Cogs, 


and then the Wheel being alſo a walking Wheel, the ſame Men get into 
it, in which Caſe: they have Power ſufficient to raiſe the ſmall Goods 5 
ot b times faſter than the heavieſt; ſo that the Crane becomes a general uſe. 

Is Works where we are conſin d to Time by Tides, as in making and 
mending Bridges, there muſt be great Care to huſband the Power ſo well 


as ſo loſe no Time. The late Mr. Vaulone, Watch-Maker, contriv'd the 


beſt of that kind that perhaps was ever ſeen, and about 5; times more 
expeditious than the beſt T ever heard of. It has been and is ſtill in 


uſe at the new Bridge at Weſftminfler ;' and tho I intended only to give 


the Reader Hydroſtatical and Hydraulick Engines in this Chapter, I ſhall 
begin with this for its Excellency. Mee 


A Deſcription of the laue Ar. Vauloiid's 
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A. Tux great Shaft, on which are the great Wheel and Drum, Plate 26. 


B. Tur great Wheel with Cogs that turns a Trundle-Head with a 
Fly to prevent the Horſes falling when the Ram is diſcharged. 
C. Tur Drum on which the great Rope is wound. 
D. Tur Follower (with a Roller at one Corner) in which is contain d 


the Tongs that take hold of the Ram, and are faſten d to the othet End 


of the great Rope which paſſes. over the Pulley, near the upper End of 
the Guides, between which the Ram falls. | 4 


E. Tux inclined Planes, Which ſerve to open the Tongs, and diſ- 
8 1 " "* by 447 64 1 81 1 08 


charge the Ram. n 


Vor. II. 17 H hh F. Tun 


— 


gi8 Vauuctis% \Engive' to" drive PI LEG. 


b $17, F. Tan ſpiral Barrel that is f d to the Drum, en which Wound 
— u R 


ope with a Counterpoiſe, to hinder the Follower from accelerating, 
when it falls down to take up the Rm. 
S8. Tux great Bolt which locks the Drum to the great Wheel. 
I. Tur ſmall Leaver, which has a Weight fd at one Eud, paſſes 
through the great Shaft below the great Wheel, and always tends to 
puſh the great Bolt upwards and lock the Drum to the great Wheel. 
I. Tur forcing Bar, which paſſes through the hallow Axis of the 
great Shaft and bears upon the ſmall Leaver, and has near the upper End 
a Catch, by which the crooked Leaver keeps it doꝗ nn 
K. Tur great Leaver which preſſes dotyn the forcing Bar, and dib. 
charges the great Bolt, at the time the long End is lifted up by the Fol- 


L. Txt crooked Leaver, one End of which has à Roller; which is 
preſs'd upon by the great Rope; the other End bears upon the Catch of 
the forcing Bar, during the Time the Follower is deſcending. © © 

M. Tux Spring that preſſes againſt the crooked\Leaver, and dif. 
charges it from the Catch of the forcing Bar, as ſoon as the Rope 
flackens and gives liberty to the ſtall Leaver to puſh'up'the Bok. ty 00 
By the Horſes going round; the great Rope is wound about the Drum, 
and the Ram is drawn up till the Tongs come between the inclined 
Planes; where they are opened, and the Ram is diſcharg d. 
INDIA REV after the Ram is diſcharg'd, the Roller which is at 
one End of the Follower takes hold of the that is faſten'd to the 
long End of the great Leaver, and lifts it up; the other End preſſes down 
the forcing Bar, unlocks the Drum, and the Follower comes down by its 
own Weight. {194450375 £17 en 4B! 

As foon as the Follower touches the Ram, the great Rope flackens, 
and the Spring (M) diſcharges the crooked Leaver from the Catch of the 
forcing Bar, and gives liberty to the ſmall Leaver, to puſh up the great 
Bolt, and to lock the Drum to the great Wheel, and the Ram is drawn 
up again as befofe. | rn ior re re IT * 


N 
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| "SECTION: H.. : 
W HEN I gave Practical Rules for Jett M Zam in Page 128, 1297 and 
ſeg. I gave k Method for meaſuring the Quantity of Water fupply'd 
by a Reſervoir, Spring, or a Collection of Springs; but ſinee 1 have here 
undertaken to ſpeak of Mills or Machines mov d by great Quantities of 
Water, as great Brooks, Parts of Rivers, and ſometimes whole Rivers 
That nothing may be undertaken at random, I think proper here to 
ſhew how to meaſure the Quantity of Water ſupplied by Rivers dat 
eur gt ; 4 oF - whether 
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JW Philgophy. 4g 
whether, Part of a Riyer, or the whole be employ'd, the ſkilful Mecha- Leck. XII. 
nick (or Machinft) may know what Power he uſes, and with it pre- 

* duce the greateſt as well as the moſt convenient Effect. There are many | 

Ways of meaſuring what Quantity of Water Ravers afford.; but one of the 

eaheſt, and exact enough tar, Practice, is the following, which I ſhall 

give without examining, into-the Iheories on which it is built. 

OBsERVE a Place where the Banks of the River are ſteep and parallel, 

ſo as to make, as it were a Trough for the Water to run thro (like the 

Boarded- River near Mington, as the New-River is there called) and by 

taking the Depth acroſs get a true Section of the River: Stretch a Strin 

at tight Angles over it; and at a ſmall Diſtance from it another parallel 
to the firſt ; then taking an Apple; Orange, or any Ball, but juſt ſo much 
lighter than Water as to ſwim in it, and throw it into the Water above 
the Strings; obſerve when it comes under the firſt String, and meaſure 
the Time it {| in coming from the firſt to the ſecond String (by 
means of an half-ſecotid Pendulum, a e or any other good 
Inſtrument for meaſuring a ſmall Part of Time) to give you the Velo- 
city of the Water, (which taken at Top is ſufficiently exact) then try 
if the Trough or Channel be even, by taking the Depths of the Water to 
find its Section; and if this ad Section be equal to the firſt, all is right; 
but if it be bigger or leſs, add it to the firſt Section, and take half their 
f Sum for a mean Section, This mean Section multiphed by the Length 
_ run will give you the ſolid Quantity of Water running thro' that Section 
g in the time, Which you have been meafaring, ſuppoſe 10 Seconds: then 
having reduced your Solid of Water to Tuns, ſay thus by the Rule of 
Three; If ten Secendds | * Ham t OOF 269% 
Give fo many, Tuns of Water: * 

What will 3600 Seconds, or one Hour give? Deen 
Tx Part of the Channel under a Bridge is generally beſt for this, be- 
cauſe the Breadth of the River is equal, and commonly the Channel under 
the Bridge all of a Depth, and the Velocity of the Surface of the Water, 
the Mean of all other Velocities. | C yu 

Tux Example here is as I took it in the Year 1719, to find the 
Quantity of Water of the Cowley Stream, one of the Branches of the 
Ukbridge River; which was propos d to be brought to London, to ſupply 
the Deficiency of Water fo much wanted ſinct the Tneteaſe of the new 
Balditige: 20 e e e 1 


| | asu 50 
Tur Part of the River cover'd by the Bridge was 10 Feet long. 
10 Length of the Bridge, or rather the Breadth of Water under it, 

23 Feet. 1 

Tue Depth of the Water every where from Side to Side 3 Feet. 

| | Hhh 2 | Tur 
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Lea. XII. Tur Velocity, or Time in which Oranges and Apples ran the 10 
Feet, was 10 Seconds. . 


1 . 


.  "MvuLT1PLY 20 Feet the Depth of the River, by the Depth of the 
Water 3 Feet, and you will have the Section 60; which again multiplied 

by 10 Feet, the Length run, will give yon 60, the Number of cubick 
Feet in that Solid of Water which runs thro* the Section taken in 10 
Seconds. Then ſay _© F 


If 10 Seconds: 10: 600: 3600 
3 Give 600 cubick Feet of Water: 600 
: n What will 3600”, or an Hour give?: 10-22 1000000 


Aꝛſer. 216000 cubick Feet of Water. 


Divrpx that Number by 34,68, the cubick Feet in a Tun, and you 
will have 6228 Tuns per Hour, which that River gives. 
VN. B. Ir you have but one Section of the River (provided the Water 
runs equally ſwift in every Part of it,) and the exact Velocity of the Wa- 
ter in that Section, your Solution will be exact. ORF | a 
Hee I cannot forbear mentioning a falſe Solution given of the Quan- 

tity of Water ſupplied by this Stream, before a Committee of the Houſe 
of Commons, appointed to look into the Merits of the Propofal for bring- 
ing Water to Town; to ſhew how much Pains People may take to be 
in the Wrong. N wet) DU i e ou 
A PxRs0N who call'd himſelf a Mathematician brought by the Op- 
poſers of the Bill, ſaid that I had made the Quantity of Water a great 
deal too much, as he could ſhew by a Scheme repreſenting the Experi- 
ments he had made. He had taken 320 Feet, to have a ſufficient Length, 
as he faid was neceſſary, on which he had meaſur d a mean Velocity, 

and feveral Sections in that Space, of which he had taken the Mean, and 
conſequently muſt be more exact than me who had taken ſo ſmall a 
Length of the River: and that his Method gave but about 3000 Tuns 

er Hour. | | | 

| . Now his Method might give more or leſs almoſt in any Proportion, as 
1 ſhall ſhew ; and therefore the Teſtimony given according to it, mi 
very well ſerve a Turn. We'll, prove this by the Example; but firſt 
we are to take notice, that thro' every Section of a River there paſſes the 
fame Quantity of Water in the ſame Time, the Motion being quickeſt 
n River is ſhalloweſt; and proportionably flower where it is 

deepeſt, 03 wife : ee i | 
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Plate 27. 7. Fig. * by Lect. XII. 
Ler the third Figure of Plate 27. tepreſent the Bed of the River, 24 Aud 
AF the Surface,” and a 4 be &f the Bottom: fo chat the different Debihs —@ 
are repreſented by the Curve Line aboye-mention'd;”' Let A Ds . © 
E x, Cl, and Fm, repreſent the Breadth of the River at — SeQions, 
each of which (t — avoid Fractions) we will ſuppoſe every whete of the 
ſame Depth. Let the Length AF be equal to > 326 Feet, and let che 
Time of FE Water running that Length be 400% 
Fir, LxTus take the mean Section of the three in che ſhilloweſt 
Places. 1/, The River at A is-2 Feet deep and 20 Feet wide) which 
gives a Section of 4e Feet, decauſe of 2 * 26 = 40% 
Secondly, Tz River at B being 18 Feet wide, and 1 Foot 8 Inches 
deep, gives a Section of 30 Feet, becauſe 1 x 18 * 30. 
Thirdly, Tux River at C being 2 Feet wide . 15950 give 
2 Section of, 524 Feet, becauſe 21 K 21 , 5; oy 
Turst three Sections added, and the third of that Sum taken for « a | 
mean Section, we ſhiall hae 401 Feet. 
Tux we multiply 320 Peet the Length ike which the Water 
runs thro in 400 Seconds, which gives in cubick Feet the Solid of Water 
paſſing thro' a Section of the River in 400“, if this re was aint, 3 
but Trial will ſhow it fulſe 320 * re non! abt 
If 400 Seconds U Nun ig Wonk dern 99 
Give 12960 cubick Feet of Water : 
What will an Hour, or 3600 — ATY "my 
| Anſwer, 116640 cubick Feet, or 3363; Tuns. 
Bur if three Sections had been taken in deep Places, as for Example 
at D, E, and F, every thing elſe remaining the ſame; the Quantity of 
Water would have come out greater in Proportion as the mean Section 
of thoſe three would Have been greater than the mean Section of the 
ſhallow ones. | „ 5 
The Section at D is = 200 W 
The Section at E S 162 | N | 10 
The Section at F = 160 ae | 
The: mean Section thanaſars 16 1743 Ct ages e 
Therefore, As 40% the Mean of the ſhallow Sevtions eee 
Is to 174, the Mean of che deep Sections: | 
So is 3363 Tuns: 5 | 
To 14457, Tuns, 5 
Which is more than double my Quantity, ergo, La 
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'T HE mechanical Reader has now full ng aſtructions how to judge of 
the Quantity of his Power, and what Part Af it he intends to make 
=P "of « Now. for the | Application, of it, we ywill-ficſt confidec how Wa- 
ter works upon an Underſhot, Wheel, as it is uſed for grinding Corn, per- 
forming Variety of Work in ſeyeral Manufactures, and raiſing Water for 
depp Towns and Gentlemen's Scats, '&c. But eſpecially. becauſe we 
know on the Maxi inum is herd, and before we ſet up an 2 to be 

mov d by an Underſhot Wheel, e FR APW "= ra the ut- 
4 gan be dene 

2. Tux next thing to be tone, whos we 1 * up a Wheel, is to 
cohſider whether the Water can run off clear from the Wheel, 8 
have no Back- Water to ſtop its Motion; and what Fall we can have to 
give the Water coming chte a Penſtock, a Velocity ſufficient to ſtrike the 
Ladle- Boards of the che Wheel with a determigate Forge. 

3. Ir chen we have the Fall of the Water; that is, the Heig hit above 
the Center of the Ajutage, or of the Openin thro' which it is obs by 
the Penſtock, we muſt know what will be t ; continual Velocity of the 
Water iſſulng out. 

Asalx, we ſometintes have the conftant Velocity of the Water, and 
have occaſion to know what Height produces that Vel Now theſe 
we may know at N time by one Id: 44% Nee age an caly Arithmetical 
Operation. | W_ ; 


4. Tux firſt Thing 3 is this: 


N the enditular Height of the Fah bei 5 in Feet and = 
8 of: pt the Velbeity *he Water will ar ger Second expreſs'd 
in : Feet and Fin "a b * by the gr | 
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Mur ririv this conſtant Number 64,2882 by the given Height; 
and the ſquare Root of the Product is "7 Velocity requir'd, 


Example 1. | 
Ir the Height is two Feet, the Wee will be found 11,34 1 Feet 
per Second nearly. n | 


r & FOUR e | | 
Ir the Height is 16,0913 Feet; be ved will be $2,t 5.1826 4 
per Second, as has been ſhown de 7 To angh 


4 Gut of meme. due. 


en lid 200 1 *ts t | ] 
HOO, £1 Kher 120 70 | Les NI. ; 
| 17 the Height yien is $6 Pear be Vc wil gl Fame 
Second. 


Tus foacnd Thing requir'd is this: loo W stl. 5 4 
2. The uniform Velbeity of a Fluid bei os avoid Fe od ; 

Decca of Feet, pan Second; 'the 2 f * nen Jock 0 

Vehcity Wr, n 


— 


ur e b 
Mor rirrr the given velocity into itſelf, and divide the Productby 
64,2882: the m wil n een e in F * &c. 


For Example. . 
IF te Velocky gnen 3 /Feet por g, 6. eight will be | 
0,139 of a Feat! '$it} 


ee 2. 1 I 
* ha Velocity po yg ors Feat per Sead, the Height will 
be found 16,0913 . 


| Example = 
Lzr the v2 be; 100 Feet ber age: the Height will be 


155,649 Feet. ,.. 
N. B. The Reaſon of the two foregoing, Rules wil be demonfrated 5 in 


the Notes &. * Annot. t 
Fon TurxMokk, if jt be requir d to know with what Quantity of 

Motion, Momentum, or Imp 155 a Fluid moving with a given Velocity, 

ſtrikes upon a fix d Oblacl, ( pole a Foot ſquare) find the Height of 

the Fall that would i Velaciey by Fo laſt Rule, and multiply 

that Height by 62,5 ma ryan ithe 3,26 if it be clean River Water: 63 

Pounds for * 992 e and n for Sea- Water. 


SUPPOSE a 3 Water to 2 n Feet in Se- 
cond, meeting with a fix d Obſtacle 6 Feet wide and two Feet high: 
the momentary inſtantaneous Preſſure or Impulſe will be found as 


follows; 


Tur Height that would produce ſuch a Velocity will be found by the 
laſt Rule = 0,139 of a Foot; which being multiplied by * 5 5. 


the 


424 _ A\Courſeof Evperimental PAH 
Lect. XII. the Product gives 8,687 5 ay each ſquare Foot, which being multi- 
pied by 12, the Number of ſquate"Feet in the Obſtacle, the Product 
s 104,5 B. going with the gib en Velocity of 3 Feet per Second. 


1 


5. Tur Knowledge of the foregoing Particulars is abſolutely neceſſary 
for ſetting an Underſhot Wheel to Work z but the Advantage to be reap'd 
from it would be ſtill Guefs-Work; and we ſhould be Mill at a loſs to find 
out the utmoſt it can perform; if we had notan'ingenious Propoſition of 
that excellent Mechanick Monſ. Parent of the Royal Academy of Sciences, 
who has given us a Maximum in this caſe; by thewing, That an Under- 
tot Wheel can do the moſt Work, when its V. my equal to the third 

Part of the aa 4 PR PALIT 12 


2 


|  Velodity of the'Water that drives it. 

6. Fo make this plain ; let us conſider that if a Wheel does no work, 

being in æquilibrio and its Gudgeons turning very freely, it will ſoon 
move as faſt as the Water that ſtrikes againſt its Ladle-Boards, which 
will go (for Example) three Feet in a Second, if the Velocity of the Wa- 
ter be ſuch, Then ſuppoſe that by its Geers the Wheel be apply d to 
do Work, there may be ſo much given to it, that it may have ſo much 
Reſiſtance as to ſtand ſtill, ſo that the whole Impulſe of the Water can- 
not carty it forward. Then if the Reſiſtance be diminiſhed by Degrees, 
the Wheel will begin to move; and increaſe its Velocity, as its Work 
is leſſen d. Now as the Work may be too much leſſen d, the Wheel 
may come to go too faſt, and therefore not perform enough. _ 

Mons. Parent has ſhewn that when the Wheel goes with one third 

of the Velocity of the Water, it is capable of doing the moſt Work ; be- 
cauſe then © of the Water is employ'd in driving the Wheel with a Force 

. proportionable to the Square of its Velocity. 23 8 

3 Ir we multiply the Surface of the Ajutage or Opening by the Height 
of the Water, we ſhall have the Column of the Water that moves the 
Wheel. The Wheel thus mov d will fuſtain on the oppoſite Side only 
+ of that Weight, which will keep it in aquilibrio; but what it can 
move with the Velocity it goes with, will be but of that Weight of 
Aquilibrium ; that is r of the Weight of the firſt Column, which Re- 
ſiſtance the Wheel is capable of overcoming by 2 Corn, pan 
Hammers, raiſing Water, or doing any other Work. This is the utmo 
that can be expected, tho” often leſs is done; becauſe here we ſuppoſe 
every Part exactly perform d, and the Water apply'd in the beſt manner * 

therefore as we can never come up to the 'Maximum; we muſt come 25 
near it as we can, by loſing the leaſt we can of the Powers Impulſe. 
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the Water in the beſt manner that it can be brought to come againſt 
them, the Sum of all the Impulſes will but be equal to the Impulſe made 
againſt one Float-Board at right Angles, by all the Water coming out of 
the Penſtock thro! the Ajutage or Opening, ſo as to take Place on the 


Float-Board. But as this Float-Board (which when it remains in its 


Place ſuſtains the whole Weight of AÆgquilibrium, or + of the Weight 
of the Water that acts upon the Wheel) muſt move forward with Force 
enough left to carry I of the ſaid. 4, or +, there muſt be a Succeſſion 
of Float- Boards to receive the Impulſe of the Water; and as they cannot 
immediately receive it at right "Angles, there will be ſome Loſs of Im- 
pulſe in that Succeſſion. Beſides, when the firſt Float-Board is ſo far 
paſt the Perpendicular as to have the Puſh of the Water intercepted by 
the ſucceeding one, it is check d by the Back- Water thro which it muſt 
paſs in riſing out of the Water, and thereby be ſo far retarded as to 
take from the full Effect of the Impulſe on the following Ladle- Board. 
Indeed if all the Water fell off after the Stroke, this thing, not happen; 
but this can very ſeldom be brought about in Underſhot Mills, eſpecially 
thoſe built upon Rivers. All the Remedy in this Caſe is, that when you 


| have fi cd upon the Diameter of your Wheel, and the Breadth of your 


Float-Board, according to the Water you have: to come againſt them, 
you may have juſt ſuch a Number of Float-Boards, that each one after it 
has receiv'd and acted with its full Impulſe, may come out of the Water 


as ſoon as may be. | | | | 
Tuis will be illuſtrated by examining the iſt, ad, and 3d Figures of org 28. 
Plate 28. The Wheel of Fig. 1. has too many Float-Boards. The? 


Impulſe here is made directly on the lower Part of the vertical Float- 
Board CD; but not on the upper Part, by reaſon of the Interpoſition of 
the following Float-Board L E, and therefore D B expreſſes all that 
Impulſe then made on CB. As the Impulſe made on the Part FE of 
LE is oblique, we muſt only call F G (the Sine of the Angle EF G) 
the Impulſe on the Float-Board LE, which added to D B will give 
an Impulſe equal to what would ſtrike C B, if LE was not in the Way. 


But as the Float-Board I H, which was acted on in the Direction of the 


Water, repreſented by the Dart, is now no longer impreſs d in that Di- 
rection, but puſhes the Water before it with a Force like G H, that 
Force becomes a negative Quantity, and muſt be ſubſtracted from CB, 
the Sum of the Forees then acting on the Wheel. » 
BUT if there be a leſs Number of Float-Boards, as in Fig. 2. ſo diſ- 
pos d as when C B is vertical, the preceding Float-Board O is juſt come 
Vo I. II. Iii clear 


42%, 
7, Ir is no Advantage to have a great Number of Float-Boards, (or Let. XII. 
Ladle-Boards, as ſome call them) becauſe when they are all ſtruck by TY 
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Lect. XII. clear out of the Water, and the following one L G is juſt coming in, you 
$7,777 have the full Impulſe upon CB; and as C B going on recedes from the 
Fig. 2,3, right Angle, and therefore receives aleſs Impreſſion, beſides what it loſes 
buy the Water's being intercepted from ſtriking it at Top, it willreceive ſome 
| |  'Recompence by the Impulſe made on that Part of LE which comes into 
| the Water, to be eſtimated according to the Sine of the Angle in which 
the Float-Board LE receives its Stroke. This Force is a variable Quan- 
| tity increaſing and diminiſhing, and always to be added to the Remainder 
| ; of Force in C D; but it will never be equal to the Impulſe, which CB 
| receives when vertical, The third Figure';ſhews when the Impulſe is 
| leaſt of all, when the Numberof Float-Boards is rightly regulated. When 
| two of the Float-Boards are equally diſtant from the Perpendicular F G, 
= the leading Float-Board L receives no Impulſe, being wholly intercepted 
| 
| 


by the following one CB; and CB being ſtruck obliquely has its Im- 
pulſe only as E B, the Sine of the Angle EB D: therefore the whole 
Impulſe then is but as FN EB FG NG. Thus will the 
Impulſe on the Underſhot Wheel be always fluctuating between the 
Quantities FG and FN; not reckoning how much more is to be de- 
ducted for the Reſiſtance of the Back-Water. 

THis is therefore all the Effect we can have, which we muſt be 
contented with: and that we may have it, or come as near to it as 
we can, it will not be amiſs to give the beſt Number of Float-Boards 
for a Wheel of any Diameter, when we have refolv'd on what Breadth 
to give the Float-Boards. N. B. The Length of the Float-Boards has 
nothing to do here, being only according to the Breadth of the Stream that 
we would make uſe of. 

MR. Pitot, of the Royal Academy of Sciences at Paris, has given us 
a Table, whereby. knowing the Radius of an Underſhot Wheel, and 
the Breadth to be given the Float-Boards, their Number may be found. 


Number of Float-Boards. 
4. F. 6. 7.8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18. 19. 20. 


Breadth of the Float-Boards. : 
1000.691.500.377.293.234.191.1 59.134. 114.99. 86.76.67. 60. 54.49. 
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| Tuis Table is calculated for a Radius divided into 1000 equal Parts: 
; And the Figures in the ſecond Line expreſs the Number of thoſe Parts 
to be given to the Height or Breadth of the Float-Board. For Ex- 
ample, if we would know how many Float-Boards of two Feet wide 2 
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Proportion. | 1 | 
If 10 Feet, Radius of the Wheel propos d: 
Give 1000 for the Tabular Radius: : 
What will two Feet, the Height of the propos'd Float-Boards : 
Give for the Number of the Tabular Floats, which will give the 
Number of 200. 
Now ſeek the neareſt Number to that in the ſecond Line of the Table; 
and you will find 191, and the Number which is ſet over it is 10, namely, 
the Number of the Float-Boards to be given to your Wheel. 
8. ALL neceſſary Inſtructions being thus given for erecting of Mills, 


427 
Wheel of ten Feet Radius muſt have, you muſt work it by this Rule of Led. XII. 


6 


whether for grinding of Corn, working Manufactures, or raiſing Water, 


Ec. I proceed to give the Deſcription of ſeveral uſeful Machines upon 
theſe Principles, and begin by giving the Deſcription of an Underſhot 


Corn-Mill from Monſ. Belidor. 


# 


SECTION IV. 


Great many Perſons may imagine that it is hardly worth while to 

write about ſo common a thing as a Corn-Mill ; but the Common- 
neſs of it ſhews its Uſefulneſs ; and therefore I ſhall begin without any 
farther Apology. | | 

1. Fxw People are ignorant that Corn is ground by two Mill-ſtones 
plac'd one above another without touching. The lower or nether Mill- 
ſtone is immoveable, but the upper one turns upon a Spindle, As this 
laſt is ſuſceptible of ſeveral Remarks which are commonly overlook d, 
before we go on we muſt take notice of what follows. 

Tur oppoſite Surfaces of the two Stones which act to grind the Corn, 
are not plane or flat, the. upper one is hollow, and the under one fwells 
up, each of them being of a conic Figure, whoſe Axis indeed is very 
ſhort in Proportion to the Diameter of its Baſe ; for the firſt having ſix 
Feet in Diameter is hollow'd but about one Inch at its Center, and the 
ſecond riſes but about + of an Inch: ſo theſe two Mill-ſtones come 
nearer and nearer towards their Circumference, which gives the Corn that 
falls from the Hopper room to inſinuate as far as + of the Radius, which 
i the Place where it begins to be ground, and where it makes the greateſt 
Reſiſtance that it is capable of: the Space between the Stones being in that 
Place but about 2, or + of the Thickneſs of a Grain of Corn; but as the 
Millers have the liberty of raifing or ſinking the upper Stone a little, they 
can proportion its Diſtance from the lower one, according as they would 
have the Flour finer or coarſer, 
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2. THzRE are two Things to be conſider'd in the Effect of a Mill. 
ſtone that goes round, its Werght, and its Velocity; its Work depending 


on its Quantity of Motion, which here is the Product of its Velocity by 
Part of its Maſs. I ſay Part of its Maſs ; for as this Stone turns upon a 


'Spindle, its abſolute Weight is not wholly employ'd in grinding the Corn, 


and it is not eaſy to determine what Part has the greateſt Share in it; we 
only know that it is always proportion'd to the abſolute Weight; Expe- 
rience ſhewing, that if two Mill-ſtones have the ſame Velocities, but un- 
equal Weights, their Effects, or the Quantities of Flour ground in the 
ſame time, -will be nearly in proportion to their abſolute Weights, As 
Millers are oblig'd to chip, or newcutthe Mill-ſtonesalmoſt every Month, 
their Thickneſſes, and conſequently their Weights, diminiſh inſenſibly; 
and when they come to have but three Quarters, or Half of the Thick- 
neſs which they had when new, they produce but three Quarters or 
Half the Flour which they gave at the Beginning; this is a Fact which 
all Millers agree in. 

3. TRR Centrifugal Force carrying the Corn towards the Circumfe- 
renc?2,; it is natural for it to be cruſh'd when it comes to a Place where 
the Interval between the two Mill-ſtones.is leſs than its Thickneſs ; yet 
the upper Mill-ſtone having a propping Point which it can never quit, it 
does not clearly appear why it ſhould produce a greater Effect, as it is 
heavier, ſince if it was always equally diſtant from the nether Mill-ſtone, 
it could only be capable of a limited Impreſſion ; but, as Experience 
proves the contrary, I have ſuſpected that in the Action of this Stone 
there muſt be ſomething more than what is uſually taken Notice of; and 
that beſides its circular Motion, it muſt have a vertical Motion. Ac- 
cordingly, upon examining the Matter more nicely, I found it to be ſo. 
For the End of the-Spindle of the Mill-ſtone reſts upon an horizontal 
Piece fix Inches wide, and five Inches deep, about nine Feet long be- 
tween its Supports: the elaftick Force of this Piece gives the Stone a 
little Play, or continual Motion along a Vertical, which, tho' ſmall, may 
yet be ſeen diſtinctly: this is the Cauſe of it. 

Tux centrifugal Force driving, as I have already ſaid, the Grains of 
Corn from the Center to the Circumference, in making every one of 
them deſcribe a Spiral, they get in like ſmall Wedges between the two 
Stones, and cauſe the upper one to riſe a little ; then the horizontal ſup- 
porting Piece below being eas'd of Part of the Weight which it bore, 
ſtiffens up, and endeavours to riſe up to its natural Situation; but a Mo- 
ment after, the Mill-ſtone having cruſh'd the Corn which ſupported it, 


the ſupporting Piece is bent down again, and ſo much the more as the 


Stone is hea vier: the Grains of Corn that we ſpeak of, and which _- 
on 


T.:! 
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only be bruis'd at firſt, continuing to go towards the Circumference, there Left. XII. 
to be wholly ground to Powder, are ſo much more preſs d by the Weight \ 
of the Stone, as they are ſqueez'd into a leſs Space. | [8 

4. As it is the circular Motion of the Mill-ſtone which brings the 
Corn out of the Hopper by Jerks, and with a Velocity depending upon 
that of the Stone, other Grains are always ſucceeding, which raiſe it 
anew, and the Flour juſt made being no longer preſs'd is carry'd away 
into the Boulting Mill by the Circulation of Air that the Mill-ſtone puts 
into Motion, which makes a whirling there. Now as the two Mo- 
tions which I have explain'd concur in grinding the Corn, I conclude, 
that The Effefts of two different Mill-flones are in a Ratio compounded of | 
their Velocity and of their Weight ; and that in general the ſame Effects 4 
would be much leſs, if the Piyots of the Irons ſupporting theſe Stones, N 
inſtead of bearing upon a ſpringing Piece, had a fix d Prop: as I prov d 
it by cauſing the horizontal Piece to be wedg d up at its ſupporting Place, 
ſo that the Mill-ſtone might have none but an horizontal Motion; and 
then the Flour prov'd ſo coarſe as to be ſcarce ſeparated from the Bran. 

5. By the Velocity of a Mill-fone is to be underſtood the Way de- 
ſcrib'd by one of the Points of its wear Circumference, during a certain 
Time, and obſerve that that Circumference has for its Radius the two 
Thirds of that of the Mill-ſtone. I ſhall add, that a Mill-ſtone, at 
moſt, ought to go round but 60 times in a Minute, that it may not heat 
the Flour. | | 

6. I Do not ſay any thing of the greater or leſſer Surface of the Baſis of 
ſeveral Mill-ſtones of different Diameters; for provided they have the ſame 
Quantity of Motion, they will always produce the ſame Effect. It is true, 
that it appears at firſt that of two Mill- ſtones of the ſame Weight, that 
which has the greateſt Baſe being able to make an Impreſſion upon the 
greateſt Quantity of Corn, ſhould grind the moſt in the ſame time; 
but this does not happen, becauſe if there was equally ſpread under theſe 
Stones a Quantity of Corn proportionable to their Baſes, the Weight with 
which each Grain will be preſs'd, will only act in a reciprocal Ratio of 
the Squares of the Diameters; that is, each Grain anſwering to the 
gteateſt Baſe will be ſo much leſs preſs'd, than each Grain that anſwers 
tothe leaſt Baſe ; as the Square of the Diameter of this laſt will be leſs 
than the Square of the Diameter of the firſt : yet the ſimple Ratio of 
the Diameters does in ſome Meaſure affect the Effect of theſe two Mill- 
ſtones, becauſe their Velocities is in a Ratio compounded of their Radii, 


and of the Number of Revolutions that they will ſeverally make in the g 
lame time. : 


- 9 


7. THE 


1 
Left, XII. 


v. Tar Diameter of common Mill-ſtones is commonly from five to 
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ſeven Feet, and their Thickneſs, 12, 15, or 18 Inches; they laſt 350 
40 Years, and when they have been uſed a long time, fo that their 
Thickneſs is conſiderably diminiſh'd, they are cut anew, to give their 
Surface a contrary Figure from what they had before; fo that what was 
the upper Mill-ſtone is made the nether Mill-ſtone, and may ſerve many 
Years in that Poſition. whe 

HERE Monſ. Belidor goes on with obſerving the Manner that he would 
have the Water-gut, or Channel for the Water, made where the Float- 
Boards go thro', v/z2. that he would have it firſt a little wider than the 
Hole of the Ajutage, and then fo cloſe to the Floats that receive the Im- 
preſſion, as to loſe no Water between; then after paſſing the perpendi- 
cular Float, to ſpread and have a great Declivity, to prevent all Hindrance 
from the Back-Water. N. B. This is good where the Wheel is work d 


from a Refervar or Collection of Waters ; but cannot be prattisd in 4 


River. 


I rAss over many other Directions and Cautions which he gives; 
becauſe I have been very full upon them all already ; and proceed to the 
Deſcription of the Parts of an Underſhot Corn-Mill. Plate 27. Fig. z. 

8. AB is the Underſhot-Wheel, upon whoſe Shaft D is fix'd a Spur 
or Cog-Wheel (here call'd a Face-Wheel) E, whoſe Cogs take the 
Rounds of the 'Trundle or Lantern G, which carries round the Mill- 
ſtone in the Hurſt, or round Frame I, containing the nether Mill-ſtone 
at NN, and the upper at VV; the Axis fix'd to the upper Mili-ſtone 
being the Iron Bar F. | 

Tnrxy commonly make theſe ſort of Wheels from 12 to 18 Feet in 
Diameter, the Float- Boards about 2 +, or 3 Feet broad in their Length, 
with an Height of 10 or 12 Inches. The Shaft 15 or 18 Inches 
Diameter. | 

Tur Cog-Wheel is generally eight Feet Diameter, meaſuring from the 
Middle of the Sole (that is, where the Cogs are put in to take the Rounds 
of the Trundle) on one Side, to the ſame on the other. The Sole or 
Rim of this Wheel muſt be made of two Pieces 8-Inches thick, croſs'd 
one over the other, ſo as to have a Breadth of eight Inches. This Wheel 
has 48 Cogs four Inches high, and 4* Inches wide, 2 Inches thick at the 
End, and 2+ Inches at Bottom, becauſe of the Heel. Their Root 15 
twelve Inches long, and 24 thick, ſquare at Top, and reduc'd to an Inch 
and ⁊ at Bottom. 

Tur Lantern or Trundle is made of two round Pieces or flat Heads of 
22 Inches Diameter, and four Inches thick, in which are ſet nine 


Rounds of two Inches and an half Diameter, and 18 Inches high : the 
4. | Center 


* 
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Center of theſe Rounds is plac'd upon the Circumference of a Circle of Le&. XII. 
nine Inches Radius, which muſt be taken for the Diameter of the = 
Trundle, The Rounds muſt be made of hard Wood, as wild 'Pear- 
Tree, or Crab- Tree. Thro the Trundle goes an Iron Axis 24 Inches 
ſquare, and of an Height proportionable to the Situation of the Mill- 
ſtones, in teſpect to the Poſition of the Cog- Wheel; it muſt be well 
faſten d to the upper Mill-ſtone, and its Bottom muſt be reduc'd to a 
Pivot of about half an Inch Diameter, which turns in a Socket let in to 
the Thickneſs of the horizontal ſupporting Piece H. The fame Dimen- 
fions are given to the Parts of a Wind-Mill. 13 | | 
Here follow the Names and the Meaſures of all the Parts of ſuch a | i 
Mill, neceſſary when we would calculate its Effect, which may be eaſily 
done by thoſe who underſtand Algebra. 
a — 8 Feet, Radius of the Water-Wheel. 
þ — 4 Feet, Radius of the Cog-Wheel. 
c 9 Inches, Radius of the Trundle. 
d — 2 Feet, mean Radius of the Mill-ſtone. - 
f— + of an Inch, Radius of the Gudgeons of the Wheel. 
h— + of an Inch, mean Radius of the End of the Pivot of the 
Mill-ſtone, or of the Trundle. 
p — 200 Pounds, the Force of the Power that turns the Wheel. 
q —= 1305 Pounds, the Friction of the Centers. | 
r = 4348 Pounds, the Weight of the Mill-ſtone, and the Trundle 
and its Axis. | 1 4 
x = the Weight equivalent to the Reſiſtance that the Mill-ſtone 
meets with in grinding the Corn. 10 
SUCH a Mill as this having its upper Mill-ſtone of 6 Feet Diameter, 
and of about 4348 Pounds Weight, and which goes round about 53 times 
in an Hour, may grind in 24 Hours about 120 Septiers of Corn, each 
weighing 75 Pounds, when the Stone is newly chipp'd or peck'd, and it 
is of a good Quality; the hard and ſpungy ones being the beſt, &c. 


SECTION V. 


TERE follows a Deſcription of an Engine which plays a jet at the 
Right Honourable the Lord Tilney's, at Nanſirad in Efſex, without 
any Reſervoir ; the firſt Impulſe being given by Water acting on an Un- 
derſhot Wheel. The Draught and Deſcription I had from my ingenious 
and very good Friend Mr. Henry Beighton, of Griff, near Coventry in 
Warwickſhire ; from whom alſo I have had the Draughts, Deſcriptions, 
and Calculations of four more Engines ; and ſome curious Remarks upon 
Carriages, Plate 
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in. Plate 27. Fig. 2. 

A Deſcription of the Reverend Mr. Holland's Engine at the Lord 
| | Tilney's, &c. | | 


AB. Tur Shaft or Axle-Tree of the Engine 24 Feet long, and 24 
| Inches Diameter. | | 
55 C CCC. Ax Underſhot Water-Wheel 30 Feet Diameter; its Ladles 
- 18 Inches broad. The Water-way 18 Inches broad, and 12 deep. The 
| Fall 7 Feet. <Q; | 8 | 
1 DEF G. Fou moveable Rings or Collars placed on the Shaft, as 
4 are particularly deſcrib'd in Fig. 4. of Plate 28. 3 Feet Diameter, 6 
2 Inches broad. ITY 
4 HIK L. Four Forcers, riſing and falling alternately by means of 
| thoſe Collars having four Chains faſten'd to the Collars, and the Tops of 
= the Forcers as W X Y Z repreſents. The Forcer L is cut off, to ſhew 
1 the Chain more plain. As the Collar G moves (with the Wheel and Axis) 
4 half round towards you, the Chain Z fix d at one End to the lower Part 
of the Collar G at 2, and its other End at the Top of the Forcer L I, 
| will pull down the Forcer L 1 4+ Feet; and at the ſame time a Chain 
I 1 fix'd to the Head of the Forcer L' 1, going over a Pulley R, and to 
| the Head of K, pulls up that Forcer K 4+ Feet; by which time the Collar 
| G will have carry'd its Trigger 2 up to the Bar 1, i, which will unlock 
| its Trigger, and the Trigger 3 in the Collar F will be brought back- 
| ward down to V, and there lock the Collar F. Then the Movement 
continuing K, will be depreſs d 4 Feet, and the Chain 1, 1, over the 
Pulley R will raiſe L 42 Feet. And thus theſe two Forcers and Collars 
continue riſing and falling, moving forwards and backwards, locking and 
7 unlocking alternately, - nf F 
WM AND in like manner the other two Collars D and E move with their 
Forcers H and I. 7 
Bur to preyent one Collar's moving the backward Way, faſter than 
the other moves forward ; there is a Gauge-Chain 4 fix'd to the Collar G, 
paſſing over another Pulley T to the Collar F at 5, which regulates their 
Motions. Theſe Chains are lengthen'd or ſhorten'd by Screws as occaſion 
requires. WIS 
MN OP. Four Braſs Cylinders, or Pumps, 7 Feet long; the Bores 
of M and N 6 Inches Diameter, and OP, 7+; having at 1111 each 2 
Valve below, which are for taking in the Water; and at m mmm, Valyes 
in the horizontal Parts. Tax 
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Tux Branches m u, mu, communicate the Water of their two Forcers Lect. XII. 
together by n u, and fo into one Pipe o. Then O is join d to o coming 


from the other 2, ſo the whole Water is fore d along one Pipe. 

Wulcn makes a Jet d Eau of 70 Feet, and raiſes the Water to the 
Houſe above 70 Feet perpendicular. Ty 5 41 | 

FoRCING up about 95 Hogſheads per Hour to the Jet d Eau, and 
47 to the Garden. g h are two Ciſterns ſupply d by a Pipe in p, to keep 
the Forcers or Piſtons always wet. | 

abcdef isa Frame of Wood to carry the Pulleys QR ST, and 
the Bars i i, & E. | 

Tue Water-Wheel goes about 5 times per Minute to work the Water 
tothe Houſe; and but 3 times when the Water is rais d 80 Feet to the Gar- 
dens. One Turn of the Wheel makes 4 Strokes, vig. each Forcer 1; A 6 
Inches Bore holds in 4+ Feet — 4.5 Ale Gallons. | 


75 8.0 


12.5 
I2.5 


One Revolution of the Wheel 25.0 
Times per Min. 4 


100.0 Weft 
60 Gallons per Hour. 


63) 6000 (95.3 Hogſheads per Hour. 
3 ˙47·6 : 

Tur Lock, Plate 28. Fig. 4, and 5. 

AB CD. Ax Iron Plate about 21 Inches long, and 5 broad, and 
near a Quarter of the Circle of the Collar. | 

Ee. Tur Catch or Tumbler, turning on a Center-Pin at E, about 
11 Inches long. | > 

F. Tre Holder on a Center-Pin at F; the End E/, 3 Inches 
long, and Fg, 7 Inches. 
G. Tux Trigger, with a Shoulder at g to hold F in its Place, 8 Inches 


long. 


H. A SPRING placed under it to throw the End g into its Notch at, 
or Shoulder in G. 


D. Ar D is a Stop to keep E e from turning too far, ſo as juſt to : 


take in the Holder F at o/. 
OvER all this put another Plate like A B C D, which is ſcrew'd down 
1,2, 3, 4, 5, Sc. and the Sides a a a à keep the Plates at a due Diſ- 
Vor, II, Kkk a tance. 
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Leck. XII. tance. In the upper Rim is a fliding Plate with a Spring, to keep G in 


nn y Poſition it is placed. 


Plate 28. 
Fig. 4. 


Tuls Lock is placed within-fide of the Collar, as may be repreſent- 
ed in the Part cut off, in the Cavity C A, from whence the Handles : 
and G have Liberty to turn out at the Edge of the Collar at thę Slits or 
Grooves h and. D072. 26 : g 01 

THe Collars are made of four circular Pieces of Wood, : jointed toge- 
ther like Fellies in a Wheel, 8 Inches deep and 6 broad. On the Sides 
of which ate Plates of Iron as E, I, n, u, with Screw-Pins, that faſten it 
together when it is put into the Notch of the Axle-Tree a, , Fig. 3. 

Ix the fourth (Fig. 5.) Place of the grand Axle-Tree (at two Feet 
Diſtance each) are Notches cut out 6 Inches broad and 1+ deep, quite 
round as a b, a, 6. In the Middle of which is a Notch 12 Inch broad 
and 2 deep, quite round as c, d; having a Staple or Pin as d, ſtanding 
in it ſo that the Catch E may make one half round before it takes hold of 
the Staple. - x 


The Or ERATTON. | Plate 28. Fig. 4. 


As the Axle-Tree of the Wheel is carry'd round from c towards D 
the right Hand, the Catch E having hold of the Pin in the Axis at , 
carries the Collar along with it; but ſo ſoon as the Trigger G comes to 
the Beam I, it unlocks it from the Notch g, the other End of the Holder 
ſlips out at /, releaſing the Catch, and e flies to the Poſition of &. 80 
the Axle-Tree goes forward without the Collar, which having done half 
round, and the Collar pulled retrogade half round (by a Chain from the 
next Collar) & paſſing back under the Beam I is depreſs'd to the ſame 
Poſition it was at e; fo when G is come to the Beam K below, the Trig- 
ger is ſtruck into its former Place, and is faſt lock d, by which Time the 
Staple at 4 has hold of the Catch again, and go on together as far as I, 
where it unlocks again. | 

In this manner all the four work 2 and 2 alternately. 


Remarks on Mr. Holland's Engine. 


Tur Method of raiſing and falling the Forcers, 1s what I have not 
met with in any Treatiſes of Engines. | + 
Tur Locks and Collars are fo curiouſly contriv'd, and the Chains ſo 


_ nicely adjuſted, that there's little or no ſhock at the taking and leaving, 


which ſuch like Works are ſubject to. 


The 


0 


1 
Aa 
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Remarks: on Mr. HolLLAN D'? Engine. 


The ERRORS. 


1. Tur Motion is ſo very flow, that a great deal of Water muſt flip © 

by the Forcers, unleſs op are yy Ar ee d, and then there are 

great Frictions. 

2. Tux lower Parts of che Cylinders or Pumpe: are ſo ſmall, that there's 

a great Friction in receiving or filling the Pumps. | 

Tur Water in the two 7 Inch Bores or two 6 Inches is all 8 

through a Pipe of lefs than 3 Inch Bore : So the Friction muſt be pro- 

digious great. 

FOR 4 8 JE = 85 FAY x 3==9; ſo the Quantity 85 muſt 

be forced or Wire-drawn thro' q, and i in proportion as g to 1. And this 

Engine might draw double the Quantity it the two laſt Errors were 

avoided, and if its Velocity was increas d 

95 doubled = 190 Hogſheads per Hour doubled, 
D z3do per Hour. 

Bur for the Jet, it is N to force all through a narrow Pipe, or 

Ajutage. A Wheel well made of 18 or 20 Feet 25 with the ſame 

Stream would draw almoſt double the Quantity of Water. 

Tars Method of Mr. Halland's is not in any Reſpect capable of draw- 

ing more Water than the common triple — or any Sliding 

or Bob-Work. 


The Velocity of the Water and Wheel. 
Tur Aperture 18 In. broad. The Fall of the Water about 7 Feet= 


18 Inches. 
3 deep. A heavy Body deſcends 84 In. in 40”, 
216 ſquare In. In which time a Column double that 
Height will flow out, 
If 40” — - 14 Feet — 1 Min. 
60 
5 60 
3600 ' ————— = — The Circumf. of the Wheel 94 Feet ; 
— wen times round per M. i 
$0) 50400(1260 Feet per M. — ö 


470) 1260 (2.68 So the Velocity of the Wheel gy the Velocity of the 

Water is as 1 to 2.68. 
Or the Velocity of the Wheel is ſcarce © of the Water. 
| K k Kk 2 | N ater 


— 
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WWW expended on the Wheel. 
of 34 tn Area of the Aperture 1,5 F. This Engine raiſes per H. 95) 108000113 
1260 Hoglheads. | 


N So there is — 4 80 I 13 times as muck 
Cub Feer Wat per; M. 1890 as it draws. 
” Gallons in a Foot 6 3 
| 63) 11340 17 Alk Oe per Min. 
| (180 Hogſheads per Min. 
. 10800 —— per Hour. 


Force or Power of the Water, and Engine. 
Area Aperture 1.5 Two 7 Inch Bores 70 Feet high Water weighs 
Height Pillar 14. 2300 Iþ. 


Cub. Feet—210,0 == 20 hundred Weight 
in a Foot 6 Gal. 


126 Gal. 1.2 Ra Radius of the Collars. 
1 Gal. weighs 105. Avoir. + 340 34,0 divided by the Radius of the Wheel 4 
112) 1260 (11 Hund. gives 2 hund. + 


Bur in Underſhot Wheels; of that — is Wl and loſt, for 09 
The Ladles do not fill the Paffage; (2) The Ladles or Paddles do not 
ſtand cloſe to the Apertures. | 

Then 3) 11 Hund. (3,6 deduct from 11 remains 7,4 Hund. 

The Reſiſtance at the Paddles 2, 5 
Remains overplus 4,9 hund. Weight, 
for the Friction and Velocity of the Engine; which Friction is very great 
in forcing the Water of 7 Inch Bores thro' 3 Inch Bores, as is obſerved 
before on the laſt Side, Error 3. 
N. B. Some further Remarks of mine upon this Engine. will be found 
Ann. 2. in the Notes *. | 


SECTION VI. 


_ H E next Machine is the Londen-Bridge Water-Works, drawn and 
deſcrib'd with proper Animadverfions by ms ſame curious Gen- 
tleman. 


A Deſcription of the Water-Warks at 1 explaining the 
Draught of Plate 29. By H. Beighton, F. R. S. 


THz Wheels are placed under the Arches of London-Bridge, and 


moy'd by the common Stream of the Tide-Water of the River Thame: 4 


— 

— 
— 
3 
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A the Axle-Tree of the Water-Wheel, 19 Feet long, 3 Feet Dia- Le. XII. 
meter, in which C, D, E, E, are four Sets of Arms, eight in each Place,. 
on which are fixed G G G G, four Rings, or Sets of Fellies, in Diameter 

20 Feet, and the Floats H HH, 14 Feet long and 18 Inches deep, being 

about 26 in Number. 

Tux Wheel lies with its two Gudgeons, or Center-Pins A B, upon 
two Braſſes in the Pieces MN, * two great Levers, whoſe Ful- 
crum, or Prop, is an arched Piece of Timber L; the Levers being made 
circular on their lower Sides to an Arch of the Radius M O, and kept 
in their Places by two arching Studs fixed in the Stock L, through two 
Mortiſes in the Lever M N. ' 5 
Tux Wheel is, by theſe Levers, made to riſe and fall with the Tide, 
which is performed in this manner. The Levers MN are 16 Feet long; 
from M, the Fulcrum of the Lever, to O the Gudgeon of the Water- 
Wheel, 6 Feet; and from O to the Arch at N, 10 Feet. To the Bot- 
tom of the Arch N is fix d a ſtrong triple Chain P, made after the Faſhion 
of a Watch-Chain, but the Links arched to a Circle of one Foot Dia- 
meter, having Notches, or Teeth, to take hold of the Leaves of a Pinion 
of caſt Iron Q, 10 Inches Diameter, with eight Teeth in it moving on 
an Axis. The other looſe End of this Chain has a large Weight hanging 
at it, to help to counterpoiſe the Wheel, and preſerve the Chain from 
lliding on the Pinion. On the ſame Axis is fixed a Cog-Wheel R, 6 
Feet Diameter, with 48 Cogs. To this is applied a Trundle, or Pinion 
8, of fix Rounds, or Teeth ; and upon the ſame Axis is fixed T, a Cog- 
Wheel of 51 Cogs, into which the Trundle V, of fix Rounds, works; 
on whoſe Axis is a Winch or Windlaſs W, by which one Man, with 
the two Windlaſſes, raiſes or lets down the Wheel as there is occafion. 
AN Þ becauſe the Fulcrums of theſe Levers MN, are in the Axis of 
the Trundle K, viz. at Mor X, in what Situation ſoever the Wheel is 
raiſed or let down, the Cog-Wheel 11, is always equidiſtant from M, and 
works or geers truly. 

By means of this Machine the Strength of an ordinary Man will raiſe 
about fifty Ton Weight. 

I, I, is a Cog-Wheel fixed near the End of the great Axis, 8 Feet 
Diameter, and 44 Cogs working into a Trundle K, of 4+ Feet Dia- 
meter, and 20 Rounds, whoſe Axis or Spindle is of caſt Iron 4 Inches in 
Diameter, lying in Braſſes at each End, as at X. 
2 is a quadruple Crank of caſt Iron, the Metal being 6 Inches 
{quare, each of the Necks being turned one Foot from the Center, which 
is fixed in Braſſes at each End in two Headſtocks faſtened down by Caps. 
One End of this Crank at Y is placed cloſe abutting to the End ri 2 
C- 
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Leg. XII. Axle-Tree X, where they are at thoſe Ends fix Inches Diameter, each 

having a Slit in the Ends, where an Iron Wedge is put, one half into 

: the End X, the other half into V, by means of which the Axis X turns 
about the Crank ZZ. I 

Tux four Necks of the Crank have each an Iron Spear, or Rod, fixed 
at their upper Ends to the reſpective Libra, or Lever, @ 1, 2, 3, 4, within 
three Feet of the End. Theſe Levers are 24 Feet long, moving on 
Centers in the Frame 6456; at the End of which, at c 1, 2, 3, 4, are 
jointed four Rods with their forcing Plugs working into d 1, 2, 3, 4, four 
caſt Iron Cylinders four Feet three Quarters long, ſeven Inches Bore above, 
and nine below where the Valves lie, faſten'd by ſcrewed Flanches over 
the four Holes of a hollow Trunk of caſt Iron, having four Valves in it 
juſt over eeee, at the joining on of the Bottom of the Barrels, or Cylin- 
ders, and at one End a ſucking Pipe or Grate f, going into the Water, 
which ſupplies all the four Cylinders alternately, 

Fo the lower Part of the Cylinders 41, d, dz, d4, come out 
Necks turning upwards Arch-wiſe, as g g gg, whoſe upper Parts are caſt 
with Flanches to ſcrew up to the Trunk hh; which Necks have 
Bores of 7 Inches Diameter, and Holes in the Trunk above communi- 
cating with them, at which Joining are placed four Valves. The Trunk 
is caſt with four Boſſes, or Protuberances, ſtanding out againſt the Valves 
to give room for their opening and ſhutting ; and on the upper Side are 
four Holes ſtopped with Plugs, to take out on occaſion, to cleanſe the 
Valves. One End of this Trunk is ſtopped by a Plug i. To the other, 
Iron Pipes are joined, as 7 2, by Flanches, through which the Water is 
forced up to any Height or Place required, 

BEes1DEs theſe four Forcers, there are four more placed at the other 
Ends of the Libre, or Levers (not ſhewn here to avoid Confuſion, but 
to be ſeen on the left Hand) the Rods being fixed at @ 1, 2, 3, 4, work- 
ing in four ſuch Cylinders, with their Parts 44, &c. ee, % gg, and i, 
as before deſcribed, ſtanding near & A. 


Arx the other End of the Wheel (at B) is placed all the ſame Sort of 
Work as at the End A is deſcribed, vig. = 

The Cog-Wheel I. The four Levers ac, ac, &c. 

The Trundle K. 8 forting Rods a d, a d, &c. 

The Spindle X. 8 Cylinders de, de, &c. 

The Crank . 2. 4 Trunks, ſuch as ee, bh. 

The ſucking Pipes f 2 forcing Pipes, as 7. 

So that one ſingle Wheel works 16 Pumps. 

Arx which Work could not be drawn in one perſpective View, with- 
out making it very much confuſed. Ks | | 


4 A 
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4 Calculation of the Quantity of Water raiſed by the Engines at Lect. XII. 
| Sr "ole London- Bridge. — 
IN 2 a ans next the City is one Wheel with =] E 
iſt Wheel double Work at one End, — = 
Ix the 3d } ſingle at the other 
Arch } 24 Wheel in the Middle —— —— 8 
3d Wheel —— — 16 


| | | In all 52 Forcers. 
Oxx Revolution of a Wheel makes in every Forcer — 2+ Strokes. 


— 


So that one Turn of the four Wheels makes — 114 Strokes 
Wurd the River is at beſt, the Wheel goes fix times 6 
round in a Minute, and but 4+ at middle Water | 
Tur Number of Strokes in a Minute 7", 
Tur Stroke is 21 Feet in a 7 Inch Bore, riſes 30 aj 
f e Gal. 
They raiſe per Minute 2052 

THAT 1s, 123120 Gallons = 1954 Hogſheads per Hour, and at the 
rate of 46896 Hogſheads in a Day, to the Height of 120 Feet. 

Tuis is the utmoſt Quantity they can raiſe, ſuppoſing there were no 
Imperfections or Loſs at all. 

But it is certain from the Conſiderations following, that no Engine can 
raiſe ſo much as will anfiver the Quantity of Water the Cylinder contains 
in the Length of the Forcer, or Piſtons Motion. For, 

Fir/t, Tux opening and ſhutting of the Valves loſe nearly ſo much 
of that Column, as the Height they riſe and fall. 

Secondly, No Leather is ftrong enough for the Piſton, but there muſt 
continually flip or ſqueeze by ſome Water, when it is raiſed to a great 
Height; and when the Column is ſhort, it will not preſs the Leather 
enough to the Cylinder, or Barrel : But eſpecially at the Beginning, or 
firſt moving of the Piſton, there is ſo little Weight on it, that before | 
the Leather can expand, there is ſome Loſs. | 

Thirdly, Axp this Loſs is more or leſs, as the Piſtons are looſer or | 
ſtraiter leathered. N 

Fourthly, Wren the Leathers grow too ſoft, they are not capable of 
ſuſtaining the Pillar to be raiſed. [ 

Fifthly, Ie they are leathered very tight, as to loſe no Water, then a = 
great Part of the Engine's Force is deſtroyed by the Friction. 

By ſome Experiments I have accurately made on Engines, whoſe Parts 4 
are large and excellently perform'd, they will loſe + and ſometimes + of 
the calculated Quantity. ; HowEvVER 
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Lect. XII. However the Perfections or Errors of Engines are to be compared 


| thoſe, they will proportionably differ in their actual Performances. 


The Power by which the Wheels are moved. 
Tux Weight of the Pillar of Water on a Forcer 7 Inches Dia- 
meter, and 120 Feet high 
7 x 7 = 49hh. The Pounds Awoirdapoids in a Tard nearly. 
40 Yards high. 


1900 lb. on one Forcer. 
8 Forcers always lifting. 


The whole WeightT5 I 56801þ. = 140C.=7 Ton Weight on 7 ** Eu 
gine at once. 
THEN the Crank pulls the Libra 3 Feet from the Forcer, and 8,3 
Feet from the Center, 
7 Tun 
* 11.3 


8,3)79.1(9,5 Ton on the Crank Ton. 
Wallower 2,2) 9,5 (4,3 on Trundle. 
The Spur Wheel 4 


The Radius of the great Wheel 10) 17,2 7 572 Ton, 


The Force on the Floats 18 Cz. 4olh. 34,40 Ct. 
45 7 .— hy ee oy -_ 1 _ be reckon'd 1 Ton:. 
HE Ladles or Paddles 1 . | 
Inches deep —— l — - ==22,4 ſquare Feet. 
Tux Fall of Water is at a Mean — — 2 Feet. 
6 Gal. in a Cub. Foot, 
J268,8 
ioh. ina Gallon. 


112) 2688 (24 Hundred. 


— Velbcit of 2 the Water, 4 Feet in 21” of Time. 

1” —4Ft.::— 60": = 685 Feet per Minute. 
Taz Velocity of the Wheel = 310 Feet per Minute. ; 
QUANTITY expended on the Wheel, according to the Velocity of the 

Stream 1433 Hogſheads per Second. 
Bur at the Velocity of the Wheel 645 Hogſheads per Second. 
Tax Velocity of the Wheel to the Velocity of the Water, as 1 to — 
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Warn- Wonks a London - Bridge. 


Some Obſervations on theſe Water-Warks. 
ALTHovcH they may juſtly be eſteemed as good as any in Europe, 


much for the better, x WOES | 

Firſt, Ir inſtead of 16 Forcers they worked only eight, the Stroke 
might be five Feet in each Forcer, which would draw a great deal more 
Water with the ſame Power on the Wheel; for then there would be 
but half the opening and ſhutting of Valves; conſequently but half that 
Loſs: And a five Feet Stroke draws above double the Quantity of two 
Strokes of 2 + each, by near +, in regard the Velocity is double, which 
is the moſt valuable Conſideration in an Engine, where the Pipes will 
ſuſtain ſuch Force. 

Secondly, Tax Bores that carry off the Water from the Forcers are too 
ſmall, there being (nearly) always two Pillars of ſeven Inches Diameter, 
forcing into one Pipe of the ſame Diameter, and 7 * 7 ='49 + 49 = 98. 


Diameter. 


The Perfettions of the Machine. . 
Tue Timber- work is all admirably well perform, and the Compo- 
ſition and Contrivance, for Strength and Uſefulneſs, not exceeded by any 
I have ſeen. | 
Taz caſt Iron Cranks are better than wrought ones, by reaſon they 
are very ſtiff, and will not be ſtrained, but ſooner break; and beſides 
they are cheap, and new ones eaſily put in. | | 
Tur Wedge for putting on or releaſing the Crank and Forcers, is 
better than the ſliding Sockets commonly uſed, 

Tur forcing Barrels, Trunks, and all their Apparatus, are very cu- 
Houſly contrived for putting together, mending, altering or cleanſing, 
and ſubject to as little Friction as poſſible in that Part. | 
Tur Machine for raiſing and falling the Wheels is very good, though 
but ſeldom uſed, as they tell me; for they will go at almoſt any Depth 
of Water, and as the Tide turns, the Wheels go the ſame Way with it. 

Taxse Machines at London-Bridge are far ſuperior to thoſe ſo much 
fam d at Marly in France, in Regard the latter are very ill deſigned in 
their Cranks, and ſome other Parts. 


H, Beig hton, F. R. 8. 


I HALL add a few more Remarks to what my Friend has ſaid con- 
rerning theſe Water-Works in the Notes *. 
Ver, II. LI! SECTION 


yet are there, as I conceive, ſome Things which might be altered very 


THEREFORE thoſe Pipes of Conveyance ſhould be near nine Inches 


- * Annot, 3. 
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SECTION VII. 


Lect. XII. HE Machine at Marly to raiſe Water for the King of France's 


— ana 


Gardens at Verſailles being ſo much talk d of, on account of its 
prodigious Largeneſs, Number of Parts, Expence of erecting it at firſt, 
and maintaining it yearly: and, in a Word, of its Magnificence : I could 
not omit giving an Account of it here, which I have done from Mon. 
Belidor. 


The MACHINE of MARLY. Plate zo, and 31. 


Ox Ranneguin of the Country of Liege, a Man of an excellent Ge- 
nius for Mechanicks, was bold enough to undertake to bring Water in 


as great Plenty to Marly and Verſailles, as if thoſe Places had been full 


of original Springs. 'The Machine or Engine which he made uſe of for 
that Purpoſe, began to work in the Year 1682, It is faid that it coſt 
above 80 Millions of French Livres, (about four Millions of Pounds Ster- 
ling.) I have for a great while been unwilling to give an Account of it 
in this Book, by reaſon of the Difficulty of deſcribing it exactly, and hav- 
ing a good Draught of it. Beſides, the Management of it being fo ex- 
penſive, it appear d to me to be a ridiculous thing to give it as a Model 
to ſuch as read my Book to find the means of raiſing Water: but then 
conſidering that this Machine being famous all over Europe, I thought it 
would be a Satisfaction to the Curious to have particular Deſcriptions of 
every Part of it. Beſides, ſeveral Pieces of it may be very uſefully copied, 
and many ingenious Contrivances not to be met with elſewhere may be 
taken from it. | 

For a long time I fought in vain for the ſeveral Plans and Profiles of 
this Engine, and all its Parts, knowing it muſt be a tedious Piece of 
Work to go upon the Place, and take them myſelf ;' but at laſt I was ſo 
happy as to meet with a Friend that had them, and was ſo kind as to 
communicate them to me. That I might be fure that they were exact, 
and to give an exact Deſcription of them, I went to the Machine, where 
I ſpent eight Days in viewing and examining it, and Mr. de I Eſpine 
on Comptroller of it explain d to me every thing that I wanted to 

now. 

Ty1s Machine is ſituated b:tween Marly and the Village de /a 
Chauſſ#e : in that Place the River is barr'd up partly by the Machine, 
and partly by a Dam which keeps up the Water ; but not to interrupt 
the Navigation, two Leagues above Marly a Canal has been cut for the 
paſling of the Boats and Barges: there has alſo been erècted 30 or 35 


Fathom from the Machine a Contrivance call'd an Ice-breaker, to prevent 
4 floating 
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floating Pieces of Ice or Timber coming down the Stream from da- Lect. XII. 
maging the Machine; and the better to ſecure the Penſtocks, and the SW 
Gets or Channels in which the Wheels move, there is a Grate of Timbe 
to ſtop whatever may come thro' the Ice- breaker. 75 1 

Tur Machine has 14 Wheels, which all ſerve to move the Pumps 
which force the Water up to the Tower at the Top of the Mountain, 
where coming out of ſeveral Pipes it unites to run into an 1 
which condudts it to the Reſervoirs that receive it: and as it is ſufficient 
to underſtand all that belongs to one of theſe Wheels, to judge of the 
Effect of the reſt, (which to deſcribe would be only a Repetition of the 
fame Things) I ſhall here explain one, Piece by Piece, not to take in too 
much at a time. | 


Plate 30. | 


Tur firſt Figure of Plate 30. repreſents the Plan and Profile of one Plate zo. 
of the Wheels of the Machine, and of the moſt general Parts belonging Fig. 1, 2, 
to it, from the Wheel to the Aqueduct. This Wheel, Plate 30. Fig. 

2. has a Get ſhut up by a Sluice or Penſtock, as uſual; its Motion pro- 
duces two Effects, the firſt is to work ſucking and lifting Pumps, which 
raiſe the Water thro the Pipe 3 to an Height of 150 Feet into the Cern 
4, diſtant 100 Fathom from the River: the ſecond is to move the Regu- 
lators 5 and 6, which work lifting Pumps placed in the Building 7 and 8. 
Thoſe that anſwer to the firſt Ciſtern 4, take the Water that has been 
rais d up to that Height, and force it thro' the Pipe 10 into the ſecond 
Ciſtern, 175 Feet high above the firſt, and 324 Fathom from the Ri- 
ver: from thence the Water is taken up anew by the Pumps which are 


F in the Building 8, which force it thro' the Pipe 11 up to the Platform of 
| the Tower 12, which is 177 Feet above the upper Ciſtern, and 502 
* Feet above the River, from which it is diſtant 614 Fathom: from 
0 thence the Water runs naturally in an Aqueduct, by the Fall given to it, 
t, to the Grate of the Caſtle of Marly, whence it deſcends to the great 
e Reſervoirs, which diſtribute it to the Gardens and Groves. 
ne AT firſt a Ware was made on the River as ſolid as poſſible with Piles 
to end Planks, ſupported with Maſons Work, as is done in like Caſes ; ſee 
the third and fourth Figures. Fourteen Feet above this Ware is built a 
* Floor or Bridge, to ſuſtain the Pumps and all that belongs to them, as 
e, one may judge by the ſecond Figure, which ſhews that the Arbor or 
pt Shaft of the Wheel has two Cranks 13 and 14. This laſt takes a Leader 
ne 5, which cannot fo well be diſtinguiſh'd as in the third Figure, whoſe 
35 Pieces you muſt compare with the ſame in the ſecond. At each Turn 
ent of the Crank this Leader gives a vibratory Motion to the Regulator 16 on 


ng LI 2 X its 


Leck. XII. its Axis: To this Regulator is fix d another Beam hanging 17, which is 


* 


Plate 30 
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faſten d to the Regulator 18, at the End of which are two hanging | 
Pieces 19, carrying each of them four Piſtons, which work in four 
Pump-Barrels, mark'd in the Plan by the Number 20. 


Wu the Crank 14, and the Regulator 16 raiſe the Beam 17, the 


Piſtons which anſwer to the left of the Balance bring up the Water by 
the Pipes 21, which dip into the River, while thoſe on the other Side 


lift it up into the Pipe 22, whence it goes into the firſt Ciſtern; and 


when the Crank draws towards its Center the Regulator 16, the Regu- 
lator 18 inclining in a contrary Direction to what it did before, the 
Piſtons on the left lift up, and thoſe on the right ſuck; and this is con- 
tmu'd alternately. x „ | 
To prevent the Air from inſinuating itſelf into the Pump- Barrels, and 
to prevent the Leathers of the Piſtons from leaving any Vacuity, to each 
Engine (or Aſſemblage of Pumps) has been added, independent of the 
eight lifting Pumps, a ſucking Pump call'd a Feeder, to keep a Baſon 
23, at the Height of the Top of the Pump- Barrels, always full of Water: 
ſo that one of the hanging Pieces 19 carries a fifth Piſton, _ - 
Tur Crank 13 gives Motion to the Pumps of the firſt and ſecond 
Ciſtern; and how that is done you muſt confult the fourth and fifth 
Figures, with relation to the ſecond : there you will ſee that the Crank 


gives a vibratory Motion to the Regulator 25, by means of the Leader 


24, which draws to itſelf, then puſhes forward the End 30. This Re- 
zulator moves two others horizontally, which are plac'd below the Num- 
—— 28 and 29, by the Motion communicated to them from the Leaders 
26, 27, which puſh or draw the upper or lower Regulator, according 
to the Poſition of the Crank. 1 0 85 

On may fee on the Plan how the Regulator 29 can move upon its 
Axis 32, and that at the End 31 there is a Chain 31, 33, which may 
be look d upon as making Part of the Chain 34, 35, exprels'd in the 
iixth Figure: likewiſe the Regulator 28, which cannot be ſeen upon 
the Plan, but which is like the lower one, anſwers alſo to a Chain which 
makes Part of the other 36, 37 ; thus thoſe two Chains are alternately 
pull'd by the Regulators 28 and 29, to cauſe the Pumps of the Ciſterns 
to work. 'Thefe are ſuſtain'd by the Balances 38, fix d at every 18 Feet, 
having thro' them Center-Pins, which bear upon the Piece 39 laid on the 
Blocks of the Props 40. 

Tur ſixth Figure is a Profile, which may be common to the firſt 
and ſecond Ciſtern, but rather belongs to the ſecond than the fiſt, be- 
cauſe the Chains end at the Regulators 42, 46, but only pals thro' the 
firſt, after having put in Motion the Pumps that are in it. WE 

HE 
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Wu the Chain 36, 37, draws to itſelf from right to left the Re. Lect. XIl. 
gulator 42, that Regulator liſts the Frame 45 ſuſpended at the End 43, 3 
having three other Frames 44 that carry the Piſtons which lift the Water 
in the Pump-Barrels 50, 561. When this Chain ceaſes to be extended, 
and the lower 34, 35 is drawn, then the Weight of the Frame 45, and 
that of the Frames and Piſtons, cauſes the End 43 of the Regulator 42 
to deſcend, and the Water riſes in the three Pump-Barrels of that En- 
gine: on the other Hand, the End 48 of the Regulator 46 liſts the Frame \ 
49, and the Piſtons which are ſuſtain'd by the Frames 42 lift the Water 
in the three Barrels of this ſecond Engine, which, like the firſt, join to 
the Pipe 50, 51. | 

ALL theſe Pump-Barrels are kept unmoveable by Tron Bars that em- 

race them, as may be ſeen in the Plan of the Ciſtern. -I muſt add, 

that the Pumps which the Crank 13 cauſes to move in the firſt and ſe- 
cond Ciſtern, raiſe Water in the Well without having any thing com- 
mon with the Enginesof the other Wheels ; that is, that at the Level of 
the Buildings 7 and 8 in the firſt Figure, there is a Baſon which takes up 
almoſt the whole Contents of it to make Wells or Cifterns, in each of 
which are ſix inverted Pump-Barrels, whereby the Water is only rais'd 
when it is thought neceſſary; and if any thing is to be repair d in the 
Engines I have lately deſerib d, the Ciſterns may be let dry, and Work- 
men go down into them without diſturbing the working of the other 
Pumps. | 

reads to draw the Frames eaſily out of their Ciſterns, when any 
thing is to be repair'd, a good Contrivance is made uſe of; at the Place 
53 is an Axle with a Rope, at one of the Ends of which Axle is a Wheel 
with Teeth, with a Catch to hinder the Rope from unwinding more 
than you would have it: the Rope goes over a Pulley 54, and terminates 
at the Block of another Pulley 55, which may flide from one End to the 
other of the Beam 60, 60, Over this ſecond Pulley runs another Rope, 
to the End of which is faſten'd the double Hook 56 this Rope after- 
wards goes over the Pulley 57, and thence terminates at the Axle of a 
Wheel 58, whoſe Teeth are taken by the Rounds of a Lantern 59, 
which is carried round by an Handle: by this means one may place the 
Hook over againſt the Place where you would have it riſe or fall upon 
OCccation. = 

As the Pumps which are over the River, and thoſe of the Ciſterns. 
ire drawn top ſmall in the Figures above-mention'd, for diſtinguiſhi 
their Piſtons and Valves; they are drawn in large upon the 3 fſt Plate, to 


make them the more intelligible ; as are alſo drawn ſeveral other Pieces 
that Jam going to explain. 
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5 Led. XII. Tux 20th Figure ſhews the Inſide of one of the eight ſucking and 
. lifting Pumps, which are moved by the Crank 14 of the ſecond and 


— 


„ ne Figures: when the Piſton 62 riſes, the Water of the River i; 


drawn up by the ſucking Pipe 63, opens the Valve 64, fills the Cavity 
65, and Part of the Pump-Barrel 66; and when it comes down; it 

_ Prefles the Water which was riſen in the Pump-Barrel to drive it into the 
Cavity 65, and the Water which is there endeavouring to elcape every 
Way, does again ſhut the Valve 64, and open that at 67 to go up into 
the Pipe 68; and when the Piſton ſucks, that Valve ſhuts, and the 
Clack 64 opens again. | ; 

TAE Outſide of this Pump is repreſented by Hg. 19, which ſhews 
in what manner the Pipes are faſten'd by Flanches and Screws. The 
Pipe 69 is re- united to that of another Pump, each of them joining with 
another Pipe mark'd A in the third Figure, having an Elbow at Bt 
join with the Pipe 22, which has four Branches, two at the right, and 
as many on the left; the little Circle that you ſee over N' a2, ſhewin 
the Circumference of that Pipe; conſequently the eight Pipes 69 when 
re-united make but four, and theſe four again unite into one, which re- 
ceives the Water of the eight Pumps to convey it to the firſt Ciſtern. 
As to the ſucking Pump that we have call'd the Feeder, and which feeds 
the Baſon that anſwers to the Orifice of the eight Pump- Barrels; its In- 
ſide is repreſented by the 16th Figure, and has nothing particular, its 
Piſton 70 being pierc'd like that of common ſucking Pumps, having a 
Valve to retain the Water which it raiſes, and a Clack 71 to hinder the 
rais'd Water from falling back. All the Pump-Barrels which I have de- 
{crib'd, together with their Pipes, are made of Pot-metal,- except the 
ſucking Pipes 63 and 72, which are of Lead. N 

Tux ſeventh Figure ſhews the Inſide of one of the lifting Pumps of 
the firſt and ſecond Ciſterns, whereby it appears that each Pump-Barrel, 
ſuch as 73, is carried by Iron Bars ſeen in Profile at 74, and that other 
Bars 75 hinder thoſe Pump-Barrels from being rais'd up by the Piſton 
when it makes its lifting Stroke: you ſee alſo that the Rod 76, which 
carries the Piſton, is faſten'd to two Croſs-Pieces of the Frame 77, and 
that that Frame and the Piſton riſe and fall with the other Frame 45: ut 
the Places 78 there are Rollers to facilitate the Motion, when you would 
take away one of the Frames, or put it in again. 

THe Piſton of this Pump is hollow, with a Valve that opens when 
the Frame goes down to give Paſſage to the Water, and ſhuts again when 
it is lifted ; then the Valves 79 and $o open to let it go into the Pipe bt, 
which ends in the ſame manner as the other fix Pipes 50, 51, which 
go with the ſixth Figure. Laſtly, the eighth Figure ſhews the * 
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of the Pump and its Flanches, which ſerve to keep it immoveable upon Lect. X 


© the Iron Bars to which it is fix d. 

ur 15th Figure is the Profile of a Pipe of Conduct, accompanied 
Vith one of its Ends mark d 8, ſeen in Front, to ſhew the Flanches by 
which the Pipes are join'd to one another with Screws, putting Rings of 
Lead and of Leather between, to make them tight. | 
Tux 18th Figure repreſents a Valve fix d at the Bottom of each Ciſtern, 
Wt cmpty it thro the Pipe 84, which is done by turning the Handle 
which is at the End of the Rod 83. As for the 17th Figure, it repre- 
E ſents the Clack which is plac'd at the Top of the Pump- Barrels 87, to 
hinder the Water which 1s riſen from coming down again. 

Tur gth, 10th and fith Figures expreſs the different Faces of the 
End of a Regulator, to which are ſuſpended the Pieces which it puts in 
Motion. . You ſee that at that End is an Ear of Iron 85, whoſe Tail 
which goes three Feet into the Wood is ſhewn by prick'd Lines. This 
Tail is travers'd' with Pins 86, made faſt with Iron Bonds. In this 
Far are Braſs Collars, which may be renew'd when the Friction of the 
Pivots that play in them has made their Bore too wide. | 

As it might happen that one of the Iron Bars of which the Chains 5, 
6, of the firſt Figure are made, might break, and thereby many others 
might alſo break by the great Force of the Crank that moves them, at 
every 12 Fathoms, there is a loſe Chain that yields, as the 12th, 13th, 
and 14th Figures ſhew in feveral Views. 


Hens follows a general Re-capitulation of the moſt eſſential Parts of 
this Machine, accompanied with necefſary Supplements to the foregoing 
Explanation, 
ue Breadth of the Machine comprehends 14 Gets or Water-Courſes, 
hut by Sluices or Penſtocks, which are rais'd and depreſs d by Racks, 
und in each of theſe Gets is plac'd a Wheel: theſe Wheels are diſpos d 
Fon three Lines; in the firſt, on the Side which looks up the Stream, - 
there are ſeven, ſix in the ſecond, and only one in the third. 
Tue Ends of the Axle of each Wheel go beyond their bearing Pieces, 
and are bent into a Crank, which makes a Leaver of two Feet; and it 
s to be obſerv'd, that the Crank which is towards the Mountain ſucks 
pand lifts the Water of the River, to drive it into the firſt Ciſtern, and 
de other Crank gives Motion to the Balances. 14 
Six of the Wheels on the firſt Line by one of their Cranks give Mo- 
ton to an Engine of eight Pumps, without reckoning the Feeder: theſe 
Engines are compounded of a Regulator, at each End of which hangs a 
quare Picce of Wood, which carries and directs four Piſtons; the Re- 
| oulator 
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gulator is put in Motion by two Beams or Leaders, one of which lymg 
along anſwers to the Crankof the Wheel anda vertical Regulator, and the 
other hanging down is united to the ſame Regulator and to the Balance. 

OF the fix Wheels which we have mentioned, there ate five which 
by their other Crank give Motion to the Pumps that work in the Ciftern 
of the firſt Lift, by means of horizontal Regulators -and Chains which 
communicate the Motion. The fixth Wheel, which is the firſt toward; 
the Dam, moves a long Chain which works the Pumps of one of the 
Wells of the upper Ciſtern, which is call'd the Ciſtern of the great Horſes, 
(Chevalets). As for the ſeventh Wheel of the firſt Line, each of its 
Cranks moves a Chain which goes to the firſt Ciſtern. 

Tux fix Wheels of the ſecond Line by each of their Cranks move a 
Chain which goes to the upper Ciſtern, which (reckoning the Chain that 
comes from the ſixth Wheel of the firſt Line) makes 13 Chains. Theſe 


Chains go over one of the Ciſterns of the firſt Lift; and there five of 


them at the ſame time give Motion to the Piſtons of thirty Pumps, 
whilſt the other Chains go on ſtreight to the upper Ciſtern. 

LASTLY, the Wheel which is on the third Line, by each of its Cranks 
works an Engine of eight ſucking and lifting Pumps, and of itſelf ſup- 
plies one Conduit- Pipe, 4 

Tux ſeven Chains of the Wheels of the firſt Line in going along do 
alſo work eight ſucking Pumps placed a little below the Ciſtern of the 
firſt Lift, becauſe in that Place there are the Waters of a conſiderable 
Spring brought thither by an Aqueduct; and theſe ſame Chains take up 
that Water the ſecond time to force it by 49 Pumps into the 2 Reſer- 
voir, thro two Conduit-Pipes of eight Inches, and three others of ſix 
Inches Diameter. As to the thirty Pumps of the Ciſtern of the firſt Lift, 
they drive their Water alſo thro two Pipes of eight Inches Diameter, 
which carry it into the upper Ciſtern. 1 

Tux Water rais d at the two Ciſterns in the Way up the Hill, diſcharges 
itſelf into a great Reſervoir, and thence by two Conduit-Pipes of ona 
Foot Diameter each, it runs into Reſervoirs of Communication to be 
diſtributed into the feveral Wells or little Ciſterns of the upper Ciltern, 
whence it is lifted by 82 Pumps thro' ſix Conduit-Pipes of 8 Inches Dia- 
meter up into the Tower, which anſwers to the Aqueduct. 

Tux eight great Chains which go ſtreight to the upper Ciſtern, with- 
out moving any Engines by the Way, work ſixteen Pumps behind the 
upper Ciſtern, to bring back into the Reſervoir of the ſaid Ciſtern the 
Water which is loſt out of the fix Pipes that go to the Tower. 

Tux eight Engines which ſuck and lift the Water from the River, con- 
tain 64 Pumps; the two Ciſterns in the Way upthe Hill together 1 5 
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59, and the upper Ciſterns 8a, to which adding the eight ſucking Pumps Lect. XII. 
which we have call'd Feeders, and alſo the eight others which are below . W 
the Ciſtern at Mid- way, and beſides the 16 Pumps placed behind the 
upper Ciſtern (as we mention d) we ſhall find that the Machine has in all 
Tur Biſcn of the Tower which receives: the Water rais d from the 
River and ſupplies the Aqueduct, is 610 Fathom diſtant from the River, 
and is 500 Feet higher than the lower End of the ſucking Pipes of the 
lower Engines. I ate i | "MN 

Taz Pumps which are upon the River ſuck the Water 13 Feet high, 
reckoning from the Bottom of the Water-Gets to the Valves ; and then 
this Water is lifted thro five Conduit- Pipes of 8 Inches Diameter up to 
the Ciſtern's Mid-way. * | | | 

Tre Water having run along an Aqueduct of 36 Arches, is ſeparated 
into different Conduits, which lead it to Marly, and formerly led it alſo 
to Verſailles and Trianon. 2 19 "1.0 

Tur Reſervoirs of Marly have 18700 ſquare Fathoms in Surface, and 
are 1 5 Feet deep; that at Lucienne has in Surface 24 500 ſquare Fathoms, 
and is alſo 15 Feet deep. 2 1 WI 93 

Wien formerly the Machine a&ed with its full Force, and the Wa- 
ters of the River were high, in 24 Hours the Reſervoir at Marly was 
raiſed three Inches, which makes 779 cubick Toiſes ; but commonly it 
| furniſhes but half that Quantity. - = 
| THERE are about 60 Workmen who are continually employ'd to take 
care of this famous Engine, under the Direction of Monſ. de Epine, the 
( Comptroller of it. | 365 HOLT 

N. B. Taz Quantity of Water raiſed by this Engine, reduced to Eng- 
io Meaſure (at 27 Hogſheads to the French cubick Toiſe) comes to 52 58 
— in 24 Hours, or near 220 Tuns per Hour, or 3+ Tuns per 

inute. | 


I SHALL give a few Obſervations upon this Machine in the Notes . · Annot. 4 


No w I proceed to give a curious Account of one of the beſt Over- 
ſhot Mills in England, communicated” to me by Mr. Beighton above- 


mentioned, 
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4 'Warzs-Mucr far grind Corn &c. 


Seer VIII. 


4 WarTzr-Mi LL, 4 grinding Corn, at the Barr-Pool, by the Ally 
in Nun-Eaton, in Warwickſhire, Plate 32. 


55 che perſpective Drawing all care has been taken, to ſee ab nia 1 


neceſſary to ſhew the whole Structure of all the ufefal or mo 
.es of the Mill; for which it is laid open or cut in ſuch Sections, us 
judged beſt ſuited the Purpoſe. The Scale fits the Orthography or forts 
right Side of the Frame or Building; the other Parts perpetaally d. 


miniſhing. 


In which Drawing I have deſcrib'd the Machine by e une 
following manner. 


"Rerrarnces. 

AB. Tux Axle-tree or Shaft of the Water-Wheel I 3 Feet bug 
and 17 Inches Diameter, 

CCC. Havine fix Arms fix'd in it at D, 9 Inches broad and 3 thigh 

E E. Tux Sole of the Wheel is fixed, — 18 Inches broad, and the 
Shrouds 14 Inches deep; having 30 Buckets. Their Breadth F I 7s 
Inches. FG, Depth 19. GH, The Elbow to the Sole 4 Inches. 
IK. Turi Diſtance from one another 17 — an baff. The 
whole Height or Diameter of the Wheel 16 Feet. 

LL. A Cog-Wheel placed on the fame Shaft by 4 Army at M, 7 
Feet Diameter, having 48 Cogs or Teeth, which turns 

N. A Wallower, Pinion, or Trundle 19 Inches Diameter, of 9 Rounds 


or Leaves, in which is fix d an Iron Spindle 


NO. God thro the Middle of the lower Mill-Rone P, moving in 
a: Collar, to which is fix d the Rind O laid into the upper Stone * 
which it bears up and turns about. That 8 2 Stone 


Thickneſs = the Edge * 5f the Convexity is about 1 Inch 5+ 


Q. A Wallower 2.4 Diam. of 15 Rounds, which is at — 


| plied to the Cog-Wheel LL. On the ſame Axis is 


R. A Cog-Wheel 5.4 Diam. of 40 Cogs, turning 

S. A Wallower of 9 Rounds, whoſe Axis 

T. Has a Rind Y at its Top bearing and turning the upper Mill-ſtons 

W. Wulcn Stones are uſed for grinding of Wheat for fine Flouts 
They are 4 Feet Diam. 5+ thick at the Edge, 15 in the Middle, with 


the Convexity between of 14. | ; * 
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A W aTER-MiLL for grinding Corn, &c. 451 

X. Taz Surface of the Water in the Pool lying 74 Feet above the Lect. XII. 
Level of the Top of the Wheel. | > PIs bs 

YZ. A TRouGn or Lander conveying the Water from the Pool at V. «i 
and delivering it into the Buckets of the Wheel at Z. This Trough is 
12 Inches Square within, having 

ab. A Penſtock upon it, whoſe Cavity is the ſame, and 
cd. An Orifice 10+ broad and 12 high, with a Shuttle or Sluice to 
open and ſhut it, which lets the Water upon the Wheel, and is (generally) 
raiſed about 2 Inches by means of | 

e. A Lever or Balance fix d to its Shank, by the Handle /. 

Tuts Mill will grind 30 Buſhels in 12 Hours. 

Wheel 8 7. 

Tur Velocity of the nge Stone 40 Fer Minute. 

Bur as it is Force, Power, Action, Gr. that is moſt wanting to be 
known, and has as yet been but little conſidered ; I ſhall hete ſubjoin 
the Calculus in ſuch a plain manner, as may be underſtood by any who 
are a little vers'd in Numbers ; tho' to have done the fame in an Alge- 
braick, or (ſome Parts) in a Fluxionary Proceſs, would have been more 
elegant, but not ſo generally underſtood and examin'd. 


For the Vrheity of the Water and the Wheel : 

1. Tux Water falls 7, 5 Feet = go Inches, which Space a heavy Body 
falls in 41”, and a double Column of Water iflues forth, vig. 1 5 Feet. | 
Then in one Minute there will be expended at the Orifice 1350 Feet 
= 16200 Inches; and the Opening of that Sluice being 10.5 x 2 = 21 1 
Inches Area, there will be 1266 Ale Gallons fall on the Wheel in a Mi- | 

nute = 19 Hogſheads 9g Gallons, or 1148 Hogſheads per Hour. | * 

2. Tun Diameter of the Wheel being 16 Feet, the Circumference is 1 
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n | | 50,3 Feet; 

Which multiplied by the Revolutions it makes in a Minute = 8 | 

The Wheel goes in a Minute, or its Velocity is 402, 4 Feet. f | 

Then as 402: 1350+: 1 1 4,35; ſo the Velocity of the Water to the Ve« | | ij 
| 


locity of the Wheel is as 4,35 is to 1. | . 

3. Tr x Ajutage, as above, gives 1206 Gallons, which divided by 8, 

gives 150,7 Ale Gallons, which = by zo the Number of Buckets gives 
2 Gallons to each Bucket, that is nearly glb. wt. of Water in each | 
ucket, | 
4. Bur as only one Bucket, v:2. that horizontal with the Axis, can act 
V. Force of gh. on the longer End of the Lever, the Radius of the 
heel E E (the ſhorter End being the Radius of the Cog-Wheel L L,) 
Mmm 2 their 
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4 WarER-MiLL for grinding Corn, &c. 


Lect. XII. their Forces in Proportion to their Centers of Gra- Brad. . T. 
— vity will be different; which calculated, and from 9. „ . 
thence their Statical Weights, (as I call them) their 150 1.0 [6.8 
Forces will be (in a leſs Number than half the || 2 50j2.6117.6 | 
Buckets) as in the Margin. The Sum of the}. 3142[4+3129-2 | 
Weights in the laſt Column will be 3 hundred and 450.638 
66 Pounds. © 5506.3 [42.8 
5. BuT ha cublck Inch of Water weigh 58 6506.8 46.2 
Ounces, and there isa lways falling 3780 bubick 7 5217-3 | 50. | 
Inches, the Force impreſs d, were it on the Tangent $15017-2 [49-5 
of the Wheel, will amount to 137 b. but the 9426.8 |38. 
Diſtance of the Penſtock from the Pool 6 Feet. The 1014910.3 8 
Force is in it and by the Shuttle, as alſo its ſtriking 113644 7 
obliquely on the Paddles or Buckets nearly to an An- 75131140 [17 
gle of 4.5 Degrees; fromwhich Conſiderations (and 1322.1 7 | 


Experiments I have made) its Velocity, and conſe- 402, 1=3hun.661þ. 
quently Force is leſſen d about one half; Therefore I add only 60 /b. to 
the Sum of Statical Weights, and it makes 4 Hund. Og. #40; = 462 
Pounds. | ED 


6. Ran. Wheel 8 


Rad. Cog-Wheel 33)3696(1056Force at ky Cops or Trundle of the 
Stone equal to 9 hund. 48 15, for the Reſiſtance: of the Stones, the 
Grinding, and the great Friction of By 0 Ages Corn. 
| Or 1056_ BEEN % 

* by Rad. Wall. ESL, | 


Rad. of the Stone 2.8) 72902825 8 b. Force at the Periphery of the Stone 


= 2 hund. 29. 2 15. 
a, Tas Force on the Wheat-Mill N (00 10 56 
| The Rad. of that Wallower x 1.2 


The Rad. of the next Cog- Wheel 24) 1201, 120 772(526 b. Force 
on the Trundle (S) that carries the Wheat-Mill, and 526 & Rad. Wall. 
7.1n.==,3682 —= 24 Rad. of the Stone gives 1531b. Force at the Peri- 
phery thereof. 

8. Tux great Stone leaders 5 5 Revolutions for the Wheels I, and 
42,4 Times per Minute.“ 
Rounds, Cg 3... hgh cn The Velocity oft Perpher of the 
15 48 \x8 Ax 8times the Wheel great Stone, 


257 een 3136 
940(4,4 EE tilt pee 4 
112,6 per Min. 754,72 Feet ina Min. 


Alſo the Velocity of the ſmaller i is 170 5 pet per Min. 9. Tur 
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Tx EL = 4 WATER MILL 
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Dr. BARK ER eee 4363 


9. Tue: Weight of the Mill-ſtones. Lect. XII. 
The great one contains 22, 5 cubick Feet = 19121, = =17 hund. 09. 45. 

Tris Water-Mill is by moſt People accounted as good a one, as ay 
the Country affords, for diſpatching as much Buſineſs in the time, and 
doing it well; tho perhaps amongſt the Curious there may be ſome Ob- 
jections agaic its Train (as the Movement-makers'call it) for they ge- 
nerally ſay that the Pinion ſhould divide the Wheel exactly, or be ſome 
aliquot Part of it, which here is not; for 9)4- 805.31, but had it been 

| 4:5 | 
40 
. go 70 1 2 2 27 
9) 54 (6 it then had been Oe? 08 99 
0 

Howrvrx this goes n it is a very W Height 16 Pen the 
Fall conſiderable 77 Feet; for the Wheel being made 20 Feet high in 
the Place it ſtands, it would not have been capable of doing ſa much Bu- 
ſineſs: Of ſo much more Service is the Impulſe, Stroke, or Aae 
of the Water, than is its bare Statical Weight.: bas! 
N. B. Our 9 0 bere generally bold r Paris more han tie Win- 
cheſter. 


A cms between this Mill, and the Underber Mill that I 
have deni d * Niouſ⸗ en the Reader will find in the Notes *. * Annot, 5. 


eren . 


W H EN ee! is not a Quantity of Water ſufficient to turn an \ Under: 

ſhot Wheel, nor Height enough to throw the Water down upon 
an Overſhot, the Water is made to fall into the Buckets of a Wheel call d 
a Breaſt-Wheel, about the Height of the Center of the Shaft, and to work 
by its Weight tl it goes down to the Bottom where it runs out of the 
Wheel: but few of theſe Wheels are good for any thing, ' becauſe they 
ſeldom receive their Water well, and generally part with it too ſoon ; 
that is, before it comes to the Bottom. But the learned and ingenious 
Dr. Barker, whoſe Skill in Mechanicks as well as all Parts of Mathe- - 
maticks and Philoſophy is well known, has contriv'd ſuch an Improve- 
ment of this Mheel as to make it equal to an Overſhot. 

SIR George Savile had a Mill in Lincolnſhire to grind Corn, which 
took up ſo much Water to work it, that it ſunk his Ponds viſibly; for 
which Reaſon he could not have conſtant Work: but now by Dr. Barker's 

Im prorement, che 929905 Water only from Sit Grofge Fonds keeps — 
| | ee ant 
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4344 D,. BARKER's Breaſt-Mail.. 
Lett. XII. ſtantly to work. The Mill is improv'd in the following manner. Plate 


* 33. HR. t. 1 | 
© «75g Tunis Wheel is 19 Feet in Diameter with 12 Arms and 24 Ladle. 


Boards; and is fo contriv'd that the Ladle- Boards receive their Water a 
little above an horizontal Diameter of the Wheel, and do not part with 
it till they come to the loweſt Part of the Wheel under the Center, where 
the Water would not only be ineffectual, but hurtful to the Motion. The 
Contrivance to effect this ie as follows: There is a circular Channel G 
4 GH, reaching from the Level of the Wheel's Center quite to its un- 
der Part exactly — within; that is, the Section made thro this Channel 
by a Plane paſſing thro its Wheel's Center is every where a Square of 18 
Inches the Side, as gg G G gg in Fig. 2. where the Section of the Wood 
that makes this Channel is ſhaded. The Ladle-Boards FF being 18 Inches 
long and 18 Inches broad, juſt paſs down this Channel without touching, 
and ſcarce loſe any Water at all (the little that lips by the firſt going to 
the ſecond) in going round a Quarter of the Wheel, viz. from G to H, 
when they wholly quit the Water. To do this the more effectually, from 
the Middle of the Rim or Sole, quite round the Wheel there riſes a 
Tongue going all round, of about an Inch and a half or two Inches in 
Thickneſs, to fill up the Space between g and g in the ſquare Channel, 
and in order to ſupport the ſtrong Pieces on which the Ladle-Boards reſt, 
The third Figure at $6444 a@4 6 repreſents the Section of the Sole of 
the Wheel and this Tongue prominent upon it, and D 4 is the Supporter 
of the Ladle-Board thruſt thro' under it, with an Hole near d to drive a 
Key or Wedge on the Inſide of the Sole of the Wheel to hold faſt this 
Piece, over whoſe End DI the Ladle-Board is to be faſten'd. 
In Figure 2, da a FDF ag repreſents the Section of the Sole of the 
Wheel and Tongue, with the Ladle-Board F F faſten'd over the End of 
the Supporter at D. N. B. When the Ladle-Boards are faſten d ta their 
Supporter one may wery eaſily and expeditiouſly put them into, their Places, 
by thruſting the Part of the Supporter d bb (Fig. 3.) thro the Tongut 
and Sole of the Wheel, and making it faft xvith a Key at K, in the Place 1, 
@ little before the Entrance into the Channel. 


SECTION X. 


WHEN we have not Water enough to turn ſuch a Mill as this, and 
even an Overſhot Mill; but can give a great Fall to the Water we 

have, we may make very good uſe of that Water, the ſmall Quantity of 
it being r by the Height of the Fall. Mr. Francini, in the 
Year 1668, was the firſt that I know of, who brought a great pe 
Ittle 
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Mr. FR aNnc1n1's Pamp. 455 
nile Water to be uſeful, and others have ptactis d it fince. I have taken Left. XII. 
this Account out of Belidor's Architefiure Hydrauligue, Page 254. a 
Vol. II. and give it here in his Words, es. 


|  FRANCI1N1's Pump. Be: 
APARTICULAR Sort of Chain, or Joint-Pump contriv'd by Plate 34. 
Mr. Francini. 1 | Pay 9012 9! 6s 8. 
Tris is the ingenious Machine contriv'd and put in Execution by 
Mr. Francins, in the Year 1668, by Mr. Colbert's Orders, in the Garden 
of the King's old Library. To judge of it you muſt know that 
near the Houſe there is a natural Spring, whick uſed formerly to diſ- 
charge its Water in a Baſon ſituated in the Middle of the Garden, and 
that the waſte Water uſed to run along a Canal into a Well, where it 
was loſt. M. Francini taking Advantage of the waſte Water, and the 
Depth of the Well. rais'd an artificial Jet in the middle of the Garden, 
which produc'd a fine Effecr. 7 10% 8897 0 
Tux firſt and ſeeond Figures of Plate $4. repreſent the Profile and 
Elevation of this Machine, eompos'd of a Couple of double endleſs Chains 
made of ſmall Iron Bars join'd together by Joints or Hinges : to theſe are 
faſten'd Buckets making two Joint-Pumps of unequal Height, which 
turn upon a Rag-Whee! FE D'G, that has Notches where the Chains 
go, to hold them always in the fame Direction; and the Intervals of the 
Bars of this Wheel are equal to the Length ef one of the Links of the 
Chain; that the great Joint- Pump turning with the Rag- Wheel, the 
other Joint-Pump may be fore d to turn along with it. e 
Tur Axis of the Rag- Wheel is ſuſtain d by two Poſts P fram'd 
into Cills on the Curb at Top of the Well, and ſo brought up to their 
Height, and kept faſt by two croſs Pieces QR, the loweſt of which 
ſuſtains the Ciſtern A, which the waſte Water of the Baſon runs into. | 
Tux Buckets B of the great Joint-Pump are made of Plates of Braſs, . 
making a Veſſel wider at Top than the Bottom, the better to receive the 
Water from the Ciſtern A, which runs continually through the Frough 
X; this Figure is ſo much the more convenient for theſ® Buckets, that 
when one of them is full, the Surplus of the Water that runs along 
its Surface, runs naturally into the next Bucket below, and from that into 
the third, and ſo on, ſo that no Water can be loſt by ſpilling over. 
Tur Buckets C and 8 of the leſſer Joint-Pump, Fig. 2. have the 
{ame Figure as the others, with this Difference, vis. that they are elos' d 
all round, except at the Place 8, where they have a little Neck towards 
the Bottom, where the Bucket is leaſt, which Neck is upwards when 
the Buckets rife full of Water to diſcharge it into the upper 1 22 
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F - ab Mr. FRWN COWAN ?s Pan. 
Lett. XII. MI. To make the thing plainer, we have drawn by themſelves, be- 
N ecen Fig. 1. and Fig. 2. one Bucket of the great Joint- Pump, and 
5 one of the ſmall, one, which ſhews the Situation in Which they are, 
when being full of Water thoſe of the great Pump deſcend into the 
Well, and thoſe of the ſmall one riſe to empty themſelves into the upper 
Atego mL. zn 10 r 
Tuo the firſt Figure repreſents only one Joint- Pump ſeen. fide-wiſe, 
it may ſerve to:ſhew the working of each in particular. For Example, 
you may conſider the Buckets B, as thoſe of the great Pump, when they 
go down into the Well, and the others H of the ſame when they riſe 
empty. If on the contrary we conſider the ſmall Pump, you may judge 
of the Situation of its Buckets II, when they xiſe full of Water, and of 
| the Situation they have at B, hen they come down empty. , _, ,. 
| © A-WHEEL with Teeth O has been fix d to the Axis of the Rag- 
| Wheel, whoſe Teeth: take a Pinion or [Lantern N, Fig. 1. and Fig. 2. 
| that has a Fly to keep the Uniformity of the Motion of the Machine, 
| that it may not go by Jerks, and not feel the ſmall Alterations that may 
be caus d by Obſtacles met with in the Way, Fig. . | 
| As the great Joint-Pump is ſuppos'd to go down into the Well to a 
| Depth ſomething greater than the Height to which the Water is to be 
rais'd above the Level of the Ground, there will always be a greater 
Number of its Buckets that will go down full of Water, than there will 
be of the little Pump that will carry up theirs full to the Rag-Wheel; 
conſequently the Weight of the Water that deſcends being ſuperior to 
| that which riſes, the great Pump will neceſſarily make the little one 
| turn, whoſe Buckets would fill themſelves as they go thro' the Ciſtern A, 
| which upon that account muſt have a certain Depth, that the Water 
may have time to fill them. 3 | | 
As to Velocity proper for this Machine, it can only be determin'd by 
Experience, by increafing or diminiſhing the Number of the Buckets 
of the great Pump, to know how much the Power muſt be ſuperior 
to the Weight; which muſt alſo depend upon the Quantity of Water 
the Spring is able to give. Mc | 
Wurm the Buckets of the great Pump are of the ſame Bigneſs as 
thoſe of the ſmall one, and the firſt Chain of Buckets is ſomething more 
than double the Length of the ſecond, ſomething leſs Water will riſe in 
= the upper Ciſtern than is loſt in the Well; that is, there will be rais'd 
| ſomething leſs than half of what the Spring affords. If you would have 
| more than half rais d, but to an Height leſs than the Fall, you muſt then 
| make the Contents of the Buckets of the ſmall Pump greater than the 
=” Buckets of the other, in à reciprocal Ratio f the Fall of the Wat 2 
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Mr. FRANC INI Pump. 457 
to the Height to which it is raisd: and on the contrary, when you would Lect. XII. 

raiſe the Water to a greater Height than the Fall; you muſt make the g. . 
Buckets of the ſmall Pumps leſs than thoſe of the great one, again in the REST 
reciprocal Ratio of the Deſcent and the Riſe of the Water;. then there 
will riſe leſs than what is loſt in the Well, in the reciprocal Ratio of the 
ſame Terms. | | 

You ſee that in the Caſe where Francini made uſe of this Machine, 
after the Water had been rais'd into the upper Ciſtern MI, it came 
down by a Conduit-Pipe, and went and play'd a Jet in the Baſon of the 
Garden, whence it came back into the Ciſtern A, and united again with 
that of the Spring, to help to play the two Joint-Pumps, ſo that by means of 
this Circulation, a Spring affording butlittle Water, rais d without Interrup- 
tion ſo great a Quantity of Water, that one might borrow a Part for other Uſes. 

Tux chief Difficulty here, is to have a Well deeper than the Fall, in 
a Soil where the Water ean be loſt; unleſs you can find a lower Place 
to conduct the Water to from the Bottom of the Well. 

Devonſhire and Cornwall, where there are a great many Mines of 
Copper and Tin, is a very mountainous Country, which gives an Op- 
portunity in many Places to make Adits, (as they call them) or ſubter- 
taneous Channels or Soughs from the Bottom of the Mine where the 
Miners are at work, to ſome Valley at a Diſtance, a little lower at the 
Bottom of the Mountain, to carry off the Water from the Mine, 
which otherwiſe would drown them out from getting the Ore, Theſe 
Adits are ſometime carried a Mile or two, and dug at a vaſt Expence, as: 
of 2, 3, or 4000 Pounds, eſpecially where the Ground is rocky. And 
yet they find this much cheaper than to draw up the Water out of the 
Mine quite to the Top, when the Water runs in plenty, and the Mine is 
deep. Sometimes they can't find a Level near enough proper to carry 
to it an Adit from the Bottom: ſuppoſe the Mine be 50 Yards deep, 
and they can only find a Level 25 Yards above the Bottom; yet they find 
it worth while to make an Adit to fave half the Height ro which the 
Water is to be rais'd, thereby ſaving half the Expence, and delivering 
the Water into the Trough LZ, where it runs off under Ground without 
bringing it up to the Graſs. 

Tur late Mr. Coftar, (I believe without having heard of Francin's: 
Machine) conſidering that ſometimes from a ſmall Stream, and ſome- 
times from little Springs or Collections of Rain-Water, one might have 
a pretty deal of Water above Ground, tho' not a ſufficient Quantity to- 
turn an Overſhot Wheel; thought that if a ſufficient Fall might be had, 
that Water might be made uſeful in raiſing the Water from the Bottom 
of the Mine to the Adit, and thereby ſave the Expence of Men and 

Vor, II. Nun Horſes; 
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Lect. XII. Horſes uſed for that Purpoſe: The Fall to be had appear d to him to be 


— 
Plate 34. 
Fig. 3. 
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Mr. FRANCINI “IT Pump. 

CL; chat is, from the Graſs or Mouth of the Pit down to the Adi, 
which here we'll ſuppoſe 25 Yards. Then he contriv'd to place a Rag. 
Wheel RR, with its Chain or Bucket-Pump at the Mouth of the Pit 
at Cc, much after the manner of Francini, receiving the ſuperior 
Waters brought into a Collection-Ciſtern W, thro a Pipe A, leading 
it into the Buckets B, making them go the reverſe Way (becauſe in the 
common Chain-pump the Rag-Wheel carries the Buckets, but here 
the Buckets carry the Rag-Wheel) down as far as the Adit, into which 


they diſcharge themſelves at 54; and there turning another Rag-Wheel 


, whoſe Axis works an Engine bringing the Water from the Bottom, 


which is alſo deliver'd into the Adit which carries away both the Waters 


to the Delivery at the Bottom of the Mountain at Z, which we ſuppoſe 
at a great Diſtance from the Mine. Any kind of Engine may be 


Plate 33. 


Wheel ſufficiently deep; or Cranks, as I have repreſented it at G g 


work'd by this lower Rag-Wheel, whoſe Axis is H I; as for Example, 
a common Chain-Pump, like that at D, Fig. 2. by making the Rag- 
in the Figure, working two Pump-Rods K K —_ in the Barre 

MM, and delivering their Water into the Trough leading to the Adit, 


N. B. There muſt be @ Wheel fix d to the Axis of the upper Rag-Wheel at 


C, to carry a Pinion or ſmaller Wheel D, having a Fly E F, in order to 
regulate the Motion of the whole Machine, and prevent Ferks. 

One may by Means of an Adit, Sough or Drain, brought to any 
Depth in the Mine, make a conſiderable Advantage of a great Fall of a 
ſmall Quantity of Water a great many Ways. I have thought eſpecially 
of two, which I will mention here. 

1. Tur firſt is to fix Dr. Barker's Breaſt-Wheel a little above the 
Adit-Ciſtern under Ground, to which the Water muſt be let down by a 
perpendicular Pipe, whoſe Bottom ends in a ſtrong, ſquare, perpendi- 
cular Trunk, having a Mouth to open or ſhut by a Chain from above, 
ſo as to be let fall on the Ladles of the Wheel, and going out of the 
circular Channel at Bottom of the Wheel, to fall into the Adit- Ciſtern, 
and there run off. The Axis of this Wheel in going round may move 
any kind of Water-work, to bring up the Water from the Bottom of the 
Mine into the Adit. See Plate 33. And inverting it, the Part . 
Fig. 4. will ſnew the Application of the falling Water to the Wheel. 
PC Pp is the Bottom of the deſcending Pipe conducted to the Mouth 
of the circular Channel G, where the Ladle- Boards run in the Direction 

, 4, 5, and quit the Water at 6. A Chain CO, pulling the Shuttle 

u, lets down the Water upon the firſt Ladle-Board it can come at in 

Proportion to its Quantity. The reſt is very plain, . 
* 2. 
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2. Ir the Adit be very deep under Ground, (for Example, 50 Yards) Let. XII. | | 

the Velocity of the Water will be ſuch, that the nel of the Wheel G3, * 
- 4, 5, 6, would not part with the Water ſoon enough forthe Velocity of its | 

Fall, therefore then there muſt beno guiding Channel for the Ladles to 
go thro'; but they muſt be fix'd like thoſe of an Underſhot Wheel, and 
their Number muſt be leſs than in Dr. Barker's Wheel. Mr. P:tot's 
Rule, given above, will ſettle their Number, and the Stroke will be per- 
pendicular againſt every horizontal Ladle. N. B. The Velocity of the 
iſſuing Water, ſappoſing the Pipe to be kept full, will be found by our 
Rule of Page 422. 

Here at 50 Yards it will be 80,2 Feet per Second. 

For 1 50 Feet x 64,2882 gives 964312300. 
Whoſe Root / 964342300 gives 80,2. 


* N 
N 
4 * 


SECTION XI. 


W HERE there is a Fall of Water not ſufficient in Quantity to turn 
even an Overſhot Mill; ſuppoſing this Fall to be of 16, 20, or 30 
Feet; it is poſſible to make it turn a new invented Mill, the moſt fimple 
that ever was made: without Wheel, Trundle, Cog or Round. Dr. 
Barker had this Thought, and communicated it to me, ſaying that it 
would be an experimental Proof of Mr. Parent's Propoſition, explain'd 
Page 424. of the Maximum of the Force of Water acting upon an Un- 
derſhot Wheel. I took the Doctor's Hint, and made the following 
working Model of it, which I ſhew'd the Royal Society the Experiment 
of, at their laſt Meeting this Summer. af 


* 
. 
"8 
1 
© 
8 
IC 
Wy - 
3 


The Deſcription of a Machine to prove Mr. Parent's Propoſition experi- 
mentally, viz. that an Underſhot Water-Alill does moſt Work when the 
IWater-Wheel moves with only a third Part of the, natural Velocity of 


the Water that drives it. 


Plate 33. WY 

FIGURE 5 repreſents an upright Section of the Machine, whoſe Pro- 
portions. are ſhewn by a Scale of Inches. | | 

ABCD is an upright Iron Frame ſtanding on another Iron Frame 
for its Baſe, whoſe Plan is repreſented by Figure 4. 

EFGHI K is an upright Tin Pipe, with a Braſs ſquare Pipe at Bot- 
tom, turning round an Axis ON in the Direction E F, while two 
Jets ſpout horizontally, but with different Directions, at the Sides of the 
Nnn 2 Trunk 
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Deſcription of 4 M ACHIN E, Wc. 


Led. XII; Trunk I K near its Ends, as may be ſeen at V, and ſuppos'd near K on 


ate 34. 


the other Side of the Trunk. 


Fig. 5. ö, 7,8. Q the End of a Spout bringing Water into the Tin Pipe at the larget 


Part with a known | 
N O a fquare Iron Bar ſo fix d to the Tin Pipe as to make it turn 


round along with it, being join'd to it in the following manner, vig. 


Fi6GvRE 6, repreſents the Bar made round at Top from R to O, in 
order to paſs thro''the upper horizontal Bar in Figure 5, and going thro 
the Cylinder P (which it does not touch by reaſon of the vertical Holein 
P being larger than that Axis) ſticks faſt in the Barrel O, which it car- 
ries round to bring up upon occaſion the Weight à 0 by a String over the 
Pulley B. At the Place Wa Plate GH is let on upon the Bar, and 
faſten'd to it by the Pin W; which Plate by the Screws G H (Fig. 5.) 
is faſten d to the broad Part of the Tin Tube: then the Bar running 


down the Tube, and thro' the Bottom of the Trunk at 8, is faſten'd to 


it underneath by a Nut ſcrew'd on at 8, the remaining Part of the Bar 


being made into a Pivot S N, which paſſing thro' an Iron fix d to the 


Bar CD, bears on a Piece of Bras T'V faſten d with Screws, or any others 
wiſe to the under Part of the Iron. Thus when the Tube turns round, 
it carries the Bar with it, and the Roller or Barrel O. 

FiGuRE 7, repreſents the Piece of Iron faſten'dto the croſs horizontaf 
Bar CD. T the Hole for the Pivot to go thro”; V the bearing Piece of 
Braſs, and S the Screw to fix this Iron Arm to the Bar over N, where 
we have not repreſented it in the Figure 5, to avoid Confuſion: , © 

Arx each End of the Trunk IK, on its oppoſite vertical Sides, is an 
Hole an Inch long, and ? of an Inch wide, mark'd V Z, which may be 
open'd or contracted by means of a Plate of Braſs L Y X Z, which flides 
over it, and is drawn backward and forward by the long Screw K Z, 
rivetted, but moveable round at Z, where the Plate returns at right 
Angles, and comes forward and backward, while the Screw advances: 
and recedes thro' the Plate Mn, which has a female Screw in it to keep 
the ſaid Screw in its Place, while it preſerves its Direction thro another 
vertical Plate K at the oppoſite End of the Trunk; the Hole in that Plate 


not being ſcrew'd. N. B. There is ſuch another Plate and Screw, 


whoſe Head is mark'd I, to regulate the Hole on the other Side, and at 

the other End of the Trunk near K. y & repreſents the Place of that 
Plate; and L, X, M, mn, four flat Plates with Dove-tail Grooves in 

them plac'd horizontally to guide the Shutter-Plates. | £0 
ALL this will appear in Perſpective by the Sight of the ninth Figure. 

The Holes, ſuch as V, are to be open'd to make Jets, and to ſuch a Bore, 

tha as the Water comes out, the EndsI and K may move but with og 5 ; 
eloci 
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Mr. GEORGE GERVES's Engine. 


Weight a b will be drawn up by the Roller O. 


Ir you change the Scale from half an Inch to a Foot, this Machine 


nether Mill-ſtone. 


Fidcukx 8, is the Plan of the Frame of Iron at the Baſe, and AB 
the Plan of the croſs Bar at Top. 


N. B. In making a real Mill, the Mill-ſtones ſhould be bigger than 


Piece CD, Fig. g. muſt be made of ſpringing Wood to make the Bar 
and Pipe, and conſequently the upper Mill-ſtone at the Top of the Bar, 
ne in working, as has been ſhewn to be needful i in Mills, 


r XII 


fs there be a Spring affording but a ſmall Quantity of Water, and hay- 
g but a ſmall Fall, ſuppoſe 10 Feet, it is poſſible by the Loſs 
of Fu of the Water to raiſe the reſt to ſupply a Gentleman's Seat, or 
any Place where it is wanted]; but in a lefs Quantity, by a little, than what 
runs waſte, if the Place to which the Water is to be rais'd is higher than 
the Fall of the Spring is low. For Example, the Fall of one Hogſhead 10 
Feet will raiſe very near a CE 10 Feet: One Hogſhead falling 10 
Feet, will raiſe very near + of an Hogſhead 40 Feet. This has been 
thought of by Schottus a great many Years ago, and he gave a Draught 
of it; but I don't find that it was ever put in Execution (at leaſt to any 
good Purpoſe) till the late George Gerves Carpenter, erected an Engine 
this Purpoſe, for my honourable Friend Sir Fobn Cheſter, Bart. at 
bis Seat at Chichley in Buckinghamſhire. This Engine has not been out 
of order ſince it was firſt ſet up, about 15 Years ago. 
Here follows the Deſcription of it by Mr. Berghton, who alſo drew 
the Draught of it. 


Plate 35. The EXPLANATION of Gerves's Engine, ſet up for 
Sir John Cheſter, at Chicheſter. / 


f 


A. Is a ſmall Spring of Water, running four Gallons per Minute, 


conveyed 72 Vards into B. 
B. ACisrERN holding about 12 Gallons, with a Fall from B to C. 
C. A CisrERN 10 Feet below B, where the Waſte is convey'd off 
along D. 
D. A Drain, or Sewer. 
E. A PLan of the Building by a Scale of 8 Feet in an Inch, 


will be a Mill (of little Coſt) where O will be the | upper, and P the 


FG. 


Velocity of che Water coming into the Pipe from Q: then greateſt Lect. XII. 
Plate 33. 


Fig. 8, 9. 


according to the Scale ; for they ſhould be 4 or 5 Feet in Diameter. The 
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Mr. GEORGE GERVES's Engine. 


Le&. XII. FG. A SecT1on of the Houſe built over the Well or Ciſtern, drawn 
wrnms' by a Scale of 4 Feet in an Inch; with 


HIK. Tuxzr Floors, for the Conveniency of fixing and ordering 
the Engine; on the uppermoſt is 1 5 

LMN. A Frame of Timber on which the moving Part is ſupported 
(Part'broken off in the Figure, to ſhew the Work ;) acroſs this Frame 
lies O, 2 

O. Ax Horizontal Axis, three Feet and a half long, moving on two 
Gudgeons in Braſſes. Upon this Axis are fram'd three Wheels. 
 (1)P. AWAMuEII 2 Feet Diameter ſhrouded, whoſe Sole is 5 Inches 
broad, and ſhod with Iron. | 

(2) Q. Tux largeſt Wheel 6 Feet Diameter, lying cloſe by the other, 
1 Inch and + broad on the Sole, and ſhrouded ; this is ſpiral'd 2 Inches, 
both in Sole and Shrouds. 

(3) R. A Wurxr 3 Feet 10 Inches Diameter, fix d on the Sides of 
3 of the Wheel Q, and fhrouded; this is ſpiral'd + of an 
Inch. ; | 

P. Upon the Wheel P, is fix'd a Cham, made flat and very flexible, 
which after .it has wrapp'd once round, is made double to ftride on each 
Side the ſingle Part, to prevent its fretting and galling, and to keep ex- 
actly the Perpendicular. f 

SS. To this Chain is hung SS, a long Rod of Iron, at the Bottom of 


which the greater Bucket (d) is fix d. 


Q. Uro the Wheel Q, is fix d a ſmaller Chain made flat as the other; 
and when this Wheel has made one Revolution from left to right, the 
Spiral- Sole takes up as much of the Chain, as is between (T and T 2.) 
The lower Part of the Chain from (T 2 to T 3,) has croſs Bars, which 
fall upon the Edge of the Shroud in Notches plated with Iron; which, 
by the Help of the Spiral, not only prevent this Part of the Chain from 
riding upon the other, but help to equiponderate the Increaſe of Weight 
of the other Chain 88. 

R. Uyon the Wheel R, is faſten'd a Rope, one End of which goes 
about V, 

V. AWurel of 2 Feet Diameter, to which that End is fix'd; and 
on the ſame Axis is fix d W, ries: 

W. ANOTHER Wheel one Foot Diameter, to which is faſten'd a Rope, 
which goes over a Pulley to a fliding Weight in a Box at X, 

X. Brix the Stilyard End of (Y a a.) 

Y aa. A QuanrranT Wheel moving on the Axis V; the Rope fall- 
ing upon Pullies, running betwixt Iron Plates, upon 1 

| $ 
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Z. Is a Lead Weight, fix d to counter-balance the Weight of the Lect. XII. 
Chains, keeping exactly an Æguilibrium in every Poſition they move in. | 
O. Urox one End of the Axis O, is a ſtrong Iron Wheel, giving Mo- 
tion to a Fly (5) which regulates the Motion of the Engine. | 
T T. Urox one End of the Chain T T, is a Copper Bucket C; whoſe 
Capacity is about 5 Gallons, having a Valve in the Bottom on the left 
Hand, and a waſte Pipe near the Top on the Right: Upon the lower 
End of the Rod SS, is hung (4.) | 
d. A CopPter Bucket containing about 15 Gallons; in the Bottom of 
this is a Valve open'd by a Trigger falling upon a Stud at the Bottom 
of the Well. 
{i.-ARE Iron Rods, for the guiding of the Buckets, whoſe Ears have 
Braſs Rolls in them, and incloſe 3 Sides of each Rod, which is ſquare. 
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The OPERATION. 


Wuen the leſſer Bucket deſcends, it falls upon a Trigger (at 4) which 
is jointed to a Treddle (at 5) expreſs d with pointed Lines, moving on an 
Axis (at 6,) which by a Rod (at 7) opens a Valve in the Bottom of the 
Ciſtern B; whence the Water by a Braſs Cock and Branch-Pipe is con- 
veyed underneath into both Buckets (c and d.) 

Wren the leſſer Bucket has received about 4 Gallons and +, it runs 
out at the Pipe or Spout into a Leaden Trough, which conveysthe Water 
underneath the Ciſtern into the greater Bucket, till it overpoiſes the lefler, 
which deſcending, and raifing the leſſer Bucket, the Valve ſhuts, and the 
Water that is left in the Trough and Branch-Pipe runs into the greater 
Bucket (4) (accelerating the Motion) which falling 10 Feet, the leſſer 
Bucket riſes 30 Feet, which taking up the Trough (%) and its Trigger 
ſtriking upon a Stud at (e) its Vale is open d and the Water runs out 
into a ſmall Ciſtern at (/,) and down a Pipe (g g,) and fo is convey'd 
to the Place deſign'd: At the ſame time a Stud opens the Valve of the 
greater Bucket, the Water running along D the Drain or Sewer, 

Wurx both Buckets are empty, the lefſer overpoiſes the greater, and 
deſcends down to the Ciſtern, bringing up the greater, where they fill 
as before. 

To regulate the Weight of the Chainsinevery Poſition, as they act in 
winding on and off the Wheels P and Q; the ſpiraling of the Wheels 
helps in ſome meaſure ; butthe Quadrant Wheel andStilyard X, with the 
Weight Z, compleat that Ægquilibrium, by acting with the greateſt Force 
in the horizontal Poſition when the Chain T is all down, and acts with 
its whole Weight upon the Wheel Q. Then as that Chain is drawn up, 
its acting Weight being thereby diminiſh d, the Stilyard X is mag 

towar 


Lect. XII. towards its Perpendicular, where the Weight Z ceaſes to influence the 
Motion of the Wheel R; at which time the ſliding Weight runs down 


FIRE ENOIN E. 


to keep the Rope tight. | 
AT the firſt moving down of the leſſer Bucket, the Weight X ſlides 
-up to a Shoulder before any Motion is given to the Stilyard; but whilſt 
the Chain Tevolves from its Wheel Q, its acting Weight increaſing, and 
at the ſame time the Chain S wrapping itſelf upon the Wheel P, its act- 
ing Weight decreafing : The Stilyard by riſing higher, brings the Line 
of Direction of the Weight Z farther from the Center of the Quadrant, 
and ſo lays a greater Force or Obſtruction to retard the Wheel R; and 
continually keeps a Counter-balance. "ot 
Tus Fly (5) regulates the Motion of the Engine to an equal Velocity; 
and by its running forwards, after the Buckets are quite up or down, 
holds them ſteady till they begin to fill or empty, and prevents their re- 
coiling back. | 
Tuts Engine at a ſow Motion carries up one Bucket full in 5 Mi- 
nutes; but if the Spring run double the Quantity, it would go up twice 
in the ſame time; and an Engine in this kind, may be made to raiſe 
one Hogſhead per Minute, or more, if required; The waſte Water not 
. being the hundredth Part of what is ſpent by a Water-Wheel, to raiſe an 
equal Quantity of Water to the ſame Height. * 
MY en HENRY BEIGHTON. 


N. B. There is mention'd in my Firſt Volume (Page 75, and 5b.) an 
Engine with a loſing and a gaining Bucket, for the ſame Purpoſe as this, 
ſet up in Ireland; but not near ſagood as this. . 


SECTION XIII. 


| FI RE-ENOGIN E. 
W HEN Water is to be raiſed for fupplying a Town or a Gentleman 
| Houſe, or a Mine is to be drained: of the Water which hinders the 
getting of the Ore; if there be a River, Brook, or Collection of Springs in 
our Power, it is beſt-to make uſe of an Underſhot, Overſhot, or Breaſt- 
Wheel; or of any Fall of Water, in Cofiar's Way, or that which I men- 
tioned in Sec. 12. of this Lecture, if there be a Drain to carry off the 
falling Water : becauſe as ſuch a Power coſts nothing, there is no other 
Expence but ſetting up an Engine, and keeping it in Order. But where 
there is no Water to be had, and Coals afe cheap, the Engine now call d 
the Fire-Engine, or the Engine to raiſe Water by Fire, is the beſt 12 
g : mo 
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FIRE- ENGINE. 


molt effectual. But it is eſpecially of immenſe Service (fo as to be now Lect. XII. 
of general uſe) in the Coal- Works, where the Power of the Fire is made 


from the Refuſe of the Coals, which would not otherwiſe be fold. 

II is now brought to very great Perfection; but it has been a long 
time in an improving Condition. I hope it will not be ungrateful to the 
Reader to have ſomething of the Hiſtory of it before we deſcribe it. 


SECTION XIV. 


* the latter End of King Charles the Second's Reign, the Marquis of 

Morceſter publiſhed a Book, call'd, A Century of Inventions, (printed. 
at London in the Year 1663,) which he deſcrib'd, as having already put. 
ſome of them in Execution, and propoſing others as practicable and be- 


neficial ; for which he wanted Encouragement from the Legiſlature. 


| Several were only Hints, and ſome Things he was miſtaken in; but one 
of his Propoſals in which he is moſt explicit, is that of raiſing Water by 


the Force of Fire, turning Water into Steam to preſs up great Quantities. 


of cold Water. The Words of the Marquis, N* 68, are as follow : 
A admirable and moſt forcible Way to drive up Water by Fire; not: 
by drawing or ſucking it upwards, for that muſt be as the Philoſopher 
© calleth it, intra Spheram Activitatis, which is but at ſuch a Diſtance. 


W + But this Way hath no Bounder, if the Veſſels be ſtrong enough; for I 


have taken a Piece of a whole Cannon, whereof the End was burſt, 
and fill'd it + full of Water, ſtopping and ſcrewing up the broken End, 
as alſo the Touch-Hole, and making a conſtant Fire under it; within 
* 24 Hours it burſt and made a great Crack : So that having a Way to- 

make my Veſſels, fo that they are ſtrengthened by the Force within 
them, and the one to fill after the other; I have ſeen the Water run: 
like a conſtant Fountain-Stream, forty Feet high: One Veſſel of Water 
| © rarefied by Fire, driveth up 40 of cold Water. And a Man that tends: 
the Work, is but to turn two Cocks, that one Veſſel of Water being: 
> © conſum'd, another begins to force and re-fill with cold Water, and ſo- 
* ſucceſſively ; the Fire being tended and kept conſtant, which the ſelf- 
© © ſame Perſon may likewiſe ee perform in the interim between 

© the Neceſſity of turning the ſaid Cocks. | 
Carat Savery, having read the Marquis of Worceſter's Book, was 
the firſt who put in Practice the raiſing Water by Fire, which he propoſed: 
for the draining of Mines. His Engine is deſcrib'd in Harris's Lexicon, 
(ſee the Word Engine) which being compared with the Marquis of Mor- 
efier's Deſcription, will eaſily appear to have been taken from him; tho 
Captain Savery denied it, and the better to conceal. the Matter, bought 
Vor. II. Ooo vp» 
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Le&. XII. up all the Marquis of Worceſter's Books that he could purchaſe in Pater 


— mms 


o/ter-=Row, and elſewhere, and burn'd them in the Preſence of the Gen- 
tleman his Friend, who told me this. He ſaid that he found out the 
Power of Steam by Chance, and invented the following Story to perſuade 
People to believe it, viz. that having drank a Flaſk of Florence at a 
Tavern, and thrown the empty Flaſk upon the Fire, he call'd for a 
Baſon of Water to waſh his Hands, and perceiving that the little Wine 
left in the Flaſk had filled. up the Flaſk with Steam, he took the Flaſk 
by the Neck and plunged the Mouth of it under the Surface of the Wa- 
ter in the Baſon, and the Water of the Baſon was immediately driven up 
into the Flaſk by the Preſſure of the Air. Now he never made ſuch an 
Experiment then, nor deſignedly afterwards, which I thus prove: 

I MADE the Experiment purpoſely with about half a Glaſs of Wine 


left in a Flaſk, which I laid upon the Fire till it boil'd into Steam: then 


putting on a thick Glove to prevent the Neck of the Flaſk from burn- 
ing me, I plung'd the Mouth of the Flaſk under the Water that fill'd a 
Baſon; but the Preſſure of the Atmoſphere was fo ſtrong, that it beat the 
Flaſk out of my Hand with Violence, and threw it up to the Cieling. 


As this mult alſo have happened to Captain Savery, if ever he had made 


the Experiment, he would not have fail d to have told ſuch a remarkable 
Incident, which would have embelliſh'd: his Story. 

CAPTAIN Savery made a great many Experiments to bring this Ma- 
chine to Perfection, and did erect ſeveral, which rais'd Water very well 
for Gentlemen's Seats ; but could not ſucceed for Mines, or ſupplying 
Towns, where the Water was to be rais'd very high.and in great Quan- 
tities : for then the Steam requir'd being boil'd up to ſuch a Strength, as to 
be ready to tear all the Veſſels to pieces. The Heat, which is ſufficient 


to boil Water, will produce Steam whoſe Spring is of the ſame Strength 


as common Air; but that Steam by the Remoyal of the Atmoſphere and 
letting it return to preſs, is only capable of bringing the Water up to a 
little above 30 Feet; but for every 32 Feet that the Water is to be raiſed 
higher, the Steam muſt be ſo many times ſtronger than the Air; for 
Example, if it is to be forced up goor 100 Feet higher than the Receivers, 
where the Steam acts upon it, the Steam muſt be three or four times 
ſtronger than the common Air; and a great deal ſtronger than that (per- 
haps ſix times ſtronger) upon the following Account: The hot Steam 
ſtriking upon the Surface of cold Water in the Receivers, condenſes it- 
ſelf, and thereby becomes ineffectual till the Surface of the Water and a 
ſmall depth of it, is warm enough not to condenſe any more Steam; and 
then (and not before) the Water yields to the Preſſure of the Spring of the 
Steam to make it riſe, I have known Captain Savery, at 7or&-Buildings, 
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make Steam eight or ten times ſtronger than common Air; and then its Lect. XII. h 
Heat was ſo great, that it would melt common ſoft Solder; and its |} 
Strength fo great as to blow open ſeveral of the Joints of his Machine: | 
ſo that he was forc'd to be at the Pains and Charge to have all his Joints 
ſolder'd with Spelter or hard Solder. 

Tursx Diſcouragements ſtopp'd the Progreſs and Improvement of 
this Engine, till Mr. Newcomen, an Ironmonger, and Tohn Cawley, a 
Glazier living at Dartmouth, brought it to the preſent Form in which 
it is now uſed, and has been near theſe 30 Years. Eo 

Tno' his Method differs much from Captain Savery's, and the Force 
of the Engine 1s quite different ; yet it is wrought by the ſame Power, 
dix. the Expanſion of Water into Steam : and that Power is rais'd by 
Fire, 1 | > | 

In my Deſcription of this Machine I ſhall not follow the ſeveral Steps 
of the Improvement; but ſuppoſe the Reader quite ignorant of any ſuch 
Engine, and lead him as it were, by Steps to the Knowledge of its 
Make and Uſe. Afterwards I fhall ſhew that Capt. Savery's. Method 
is not unuſeful in many Caſes ; eſpecially when it is changed into the 
very ſimple Engine, that I have reduc'd it to, which I ſhall alſo 
deſcribe, 

Tur 36th Plate repreſents a few of the principal Parts of the Fire- 
Engine, which we will begin by, to lead the Reader gradually from the 
more ſimple to the moſt compos'd Parts of the Machine. 

From a Well, Pit or Mine, as P, 50 Yards deep, is to be pump'd Plate 36. 
up the Water with a Pump whoſe Barrel is 7 + Diameter; and therefore | 
the Pillar of Water to be rais'd weighs (at a round Number) 3000 Þþ. 

The Rod of the Pump is 7 faſten'd to the Chain 7 H, which hangs upon 
the remoteſt End of the Arch Hh 2 9, fix d to one of the Ends of a 
great Beam h 2 8 h, moveable upon the Center 8. Now if to the Chain 
HL, faſten'd to the other End of the Beam, be join'd an Hundred. 
Ropes for as many Men to pull down in the Direction L., they may 
bring down the End 5 of the Beam, and thereby raiſe up the con- 
trary End of the Beam h 2, round whoſe Arch the Chain H wrapping. 
itſelf, the Piſton of the Pump and its Rod will be lifted up in the Di- 
rection Pp, and a Quantity of Water proportionable to the Stroke will 
be lifted up, and run out at P. This may be done 15 or 16 times in a 
Minute, becauſe each Man would pull down but 30 Pounds at a time, 
after the manner that People ring Bells.. But as no Time is to be loſt, leſt 
the Mine be overflow'd by the Springs below, there muſt be 100 more 
Men to relieve theſe when they are weary, Now as it muſt bea rich: 
Mine indeed whoſe Profit can afford to keep 200 Men at this Wo 3 
— Oooz that 
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that Thought muſt be laid aſide. We'll confider therefore hat can be 
done by Horſes. As an Horſe is equal to five Men, we muſt work 20 
Hor ſes at a time to raiſe the Water requir'd; and as Horſes muſt be re- 
lievd eyen more than Men, about 50 Horſes muſt be kept to carry on 
this Work conſtantly, and bring down the End of the Beam 5, 16 times 


& 


in a Minute, and make the Number of Strokes requir'd in the Pump, 


the Weight of whoſe Rod after every Stroke will bring down the End 
þ 2, by. drawing along the Tangent i H. It is plain to any body, that 
tho the Horſes may be had cheaper than Men, yet that will be a very 


expenſive Way. For the next Contrivance, we'll ſuppoſe a Philoſopher 
to come, and. find a means to bring down the End of the Beam, with- 
out Men or Horſes, in this manner. To the Chain H L he fixes a 
Piſton LC to go into a Braſs Cylinder LC dn, about eight or nine 
Feet long, and 22 Inches Diameter on the Inſide, where it is fo ſmoothly 
bored, that the Piſton C well leather'd may ſlip up and down without 
letting the Air paſs by. We ſuppoſe this great Bra Cylinder to be fix'd 
in its Place, and to have a Pipe 4 D at Bottom, with a Cock in it to 
open a Way into the Cylinder, or ſhut up the Paſſage at Pleaſure. Then 
we ſuppoſe the Philoſopher to apply an Air-Pump at E, which being 
work'd ſome time will exhauſt the Space C den of the Cylinder under 
the Piſton of all its Air. Then the Atmoſphere, with a Column weigh- 
ing about 5800 Pounds, will in the Direction L C preſs down the 
Piſton C to din, whereby the End þ of the Beam will be pull'd down, 
the contrary End h 2 rais d, and a Stroke (made equal to the Length 
that the Piſton moves in the great Cylinder) to diſcharge Water by the 
Pump at P. The Cock being immediately turn'd at D, and the Air 
let in to the Vacuum of the great Cylinder, the Piſton will be ſupported 
againſt the Preſſure of the Atmoſphere by the re- admitted Air, ſo as to 
have nothing but its own Weight to keep it down; but that Weight 
being much inferior to the Weight of the Rod of the Pump at the 
other End of the Beam, that End þ 2 will fall again, and draw up 
the Piſton towards L; from whence it may be brought down by a ſe- 
cond Operation of the Air-Pump at E, and another Stroke of the Pum 

made. This would do very well if. the Air could be exhauſted fa 

enough ; but the Cylinder cannot be evacuated above twice in an Hour, 
whereby we can have but two Strokes of the Pump, whereas we ought 
to have 960 in the ſame time; 16 Strokes in a Minute being requir'd 
to keep the Water in the Mine from overflowing the Works. But now 
an effectual Method has been found of making a Vacuum under the 
Piſton C, 16 times in a Minute; and that is by uſing the Steam of boil- 
ing Water inſtead of Air, (for its Spring may be made as ſtrong as 15 
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of the Air) which performs as much as the Air in raiſing the Piſton C, Lect. XII. 
and then is condens d, and thereby remov'd, by a Jet of Cold Water (ſoo 
as to make a Vacuum) in leſs than two Seconds: and that is done in the 
following manner. | | 
A LARGE Boiler B of the Figure Doo00 A, is fix d under the plate 36. 
Cylinder, and made to communicate with it by the Pipe E D d; a 
Steam-Cock or Regulator 10 E by a Plate at E flipping under the Pipe 
D d, or remov'd from thence by the Motion of the Handle 10, ſtops or 
opens the Communication from the Boiler to the Cylinder occaſionally. 
The Boiler being fill'd with Water up to SBs, a Fire is made at A, 
till the Water boils, raiſing on its Surface a Steam a little ſtronger than 
Air, but 16 or 17 times rarer. Then (the Piſton C being ſuppos d at 
dn, kept there by the Preſſure of the Air) by puſhing the Handle 10 
from 10 towards u, a Paſſage of about four Inches is open'd on a ſudden 
to let the Steam out of the Boiler into the Cylinder, where acting under 
the Piſton, it ſupports it as much as common Air would have done; and 
balancing the Preſſure of the Atmoſphere downwards upon the Piſton, 
gives liberty to the Pump- Rod, which hangs at the contrary End of the 
Beam, to go down to fetch a Stroke. | 
_ Wuen the Piſton is got upto C, or a little higher, by pulling back 
the Handle 10 towards O, the Plate of the Regulator E ſhuts up all 
Communication, ſo as to hinder any farther Reception of Steam into the 
Cylinder. Then muſt be lifted up the Leaver Oi, (commonly call'd the 
F) ſo as to turn by its Teeth the Key of the Injection- Cock at N, 
which permitting the Water to come down the Pipe g MN, from the 
injecting Ciſtern g; a Jet of cold Water is made thro' ꝝ againſt the Bot- 
tom of the Piſton, from whence the Drops being ſcatter'd over the Cy- 
linder, condenſe the Steam into Water again, making its Bulk 14000 
leſs than it had when Steam, which makes a Vacuum ſufficient for the 
Preſſure of the Atmoſphere to act again unbalanc'd, and raiſe the other 
End of the Beam with its Pump, to diſcharge the Water at P. Now 
this Operation is perform'd in two Seconds, which is the ſame Thing as 
if an Air-Pump could exhauſt the Air out of the Cylinder in that time. 
Shut the Injection- Cock, and open the Steam-Regulator to let the Steam 
meet the Piſton, before it is come down low enough tocruſh the Pipe d, 
and it will riſe again towards L, a Cup full*'of Water, (whoſe Uſe will 
be explain'd hereafter) from whence it will be brought down again by 
ſhutting the Steam-Regulator, and opening the Injection-Cock as before, 
Sc. So that a Man alternately opening and ſhutting the Regulator 
1 E, and the Injection- Cock N, may work this Engine 16 Strokes in 
a Minute, 
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Le&. XII. Tuus is the Fire-Engine, in its preſent. State a very ſimple and 
D plain Machine, where an immenſely powerful Stroke for — * of 
Pumps (for the Motion will be juſt as eaſy when the Area of the Cy. 
linder is 10 times greater) is perform'd by only turning two Cocks alter. 
nately : and yet were a Perſon, who knows nothing of the Engine, to 
ſee it the firſt time, he would imagine it to be very complex by the 
number of Parts that offer themſelves to view. But here we muſt di. 
ſtinguiſh between what performs the material Operations of the Engine, 
and what ſerves for Conveniency, andthe juſt Regulation of the ſaid 
rations. For not above the 100th Part of the Power in this Engine, (being 
one of the Engines at Gi near Coventry, as it work'dabove2o Years ago) 
nor the 100th Part in very large Fire-Engines, is employ'd to turn the 
Cocks, and regulate all the Motions, as we ſhall explain every Part by 
degrees; firſt upon this Scheme referr'd to now; aud afterwards upon 
Schemes repreſenting all the Parts of the Engine ſucceffively, and as 
they are ſeen all together. | | 
1. FIRST, As we muſt always have Water in the Ciſtern g to inject 
into the Steam to condenſe it; there is an Arch fix'd to the Beam near 
5 2, to carry a Chain, and a ſmall Pump Rod &, which draws Water 
from a ſmall Ciſtern near the Mouth of the Pit, (which Ciſtern is ſup- 
plied by ſome of the Water rais d at P) and forces it up the Pipe m m m, 
to keep the injecting Ciſtern g always full. F 
2. In the next Place, as the Piſton C, which moves up and down 
the Cylinder, ought 'to be Air-tight, a Ring of Leather, or a Piece of 
Match, which lies upon its Circumference next to the Infide of the Cy- 
linder, muſt be kept moiſt, and. ſwell'd with Water. This is ſupplied 
from the injecting Ciſtern by a ſmall Pipe z' always running down upon 
the Piſton, but in a very ſmall Quantity if the Work be well perform'd. 
L is aleaden Cup, whoſe Office is to hold the Water that lies on the 
Piſton, leſt it ſhould flow over when the Piſton riſes to its greateſt 
Height in the Cylinder, as W; at which time if the Cup is too full, the 
Water will run down the Pipe LV into the waſte Well at V. | 
3. THIRDLY, As the Water in the Boiler B muſt waſte by degrees, 
as it is conſtantly producing Steam, and that Steam continually let out 
for working the Engine; there ought to be a conſtant Supply of the 
Water to boil. This is perform'd by means of the Pipe F F about three 
Feet long, going down a Foot under S, the Surface of the Water in the 
Boiler, with a Funnel F at Top, always open, and ſupplied by- the Pipe 
W with Water from the Top of the Piſton, which has the Advantage of 
being always warm, thereby not ſo apt to check the boiling of the Wa- 
ter, as if it was quite cold. | 
5 4. FOURTHLY, 
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4. FOURTHLY, As the Boiler will be in Danger of burning, if the Lect. XII. 
Water boiling away too faſt, the Surface of the Water ſinks much below r.’ 
S 5; and if it be fed too faſt, there will not be Room above the Water to 
have a ſufficient Quantity of Steam gather'd; there are two Gage-Pipes 
in the Plate G, (which Plate opens occaſionally for a Man to go into 
the Boiler) one of which has its lower End above the Surface of the 
Water, and the other has its lower End within the Water: the Office 
of which Pipes is to ſhew whether the Surface of the Water be neither 
too high nor too low, but exactly at Ss. Becauſe then, upon opening 
the Cock of the ſhort one, it will give only Steam; and the long one 
open d will give only Water. But if both give Steam, the Water is too 
; low in the Boiler; and if both give Water, the Surface is too high. By 

this means the anne Dor at F from the Pipe V may be ſo much 
open d, as to feed the Boiler neither too faſt nor too flow. 

5. FiFTHLY, As cold Water is injected into the Cylinder at every 
Stroke, that Water might in time fill the Cylinder, and hinder the Ope- 
ration of the Engine; there is a Pipe coming from the Bottom of the 
Cylinder 4 T Y, call'd the Eduction-Pipe, thro' which the Water that 
has been injected, comes down every time the Steam is let into the Cy- 
linder. This EduCtion-Pipe goes an Inch or two under Water in the 
waſte Well Y, and having its End turn'd up is ſhut with a Valve Y to 
keep out the Air from preſſing up into the Pipe, but allowing the in- 
jected Water coming the other Way to be diſcharg d: whereby the Cy- 
linder is kept empty. 

6. SIXTHLY, If the Man who turns the Regultor to E, and the 
Injection-Cock N, when the Piſton is coming down, opens the Regu- 
lator, and lets in the Steam too ſoon to raiſe the Piſton again, the Stroke 
will be ſhorter than it ought to be; and if he does not open the Regu- 
lator ſoon- enough, the Piſton. coming down with a prodigious Force 
will very probably ſtrike againſt the Throat-Pipe D d, at d, and cruſh 
it to pieces. Likewiſe, — the Regulator is open, the Steam going 
into the Cylinder, and the Piſton riſing, the Stroke will not have its full 
Length if the Steam is turn d off, and the Injection of cold Water made 
too ſoon; and if it be made too late, the Steam may throw the Piſton 
quite out of the Cylinder at Top at L. Now therefore to prevent all 
ſuch Accidents, the Improvers of this Engine have found out a Method 
to make the Engine itſelf open and ſhut the Regulator and Injection- 
Cock, at proper Times and Places. This is done by fixing another Arch 
to the great Beam towards h, from which by a Chain hangs a perpendi- 
cular working Beam or Plug, (of which you ſee Part at Q) which 
comes down quite tro the Floor below the Bottom of the 7 
an 
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Lect. XII. and is guided in paſſing thro an Hole in the Floor, which it exactly fits, 
This working Plug having a Slit in it, and ſeveral Pins, gives Motion to 


ſeveral Leavers, which open and ſhut the Regulator and Injection-Cock 
at proper times, as we ſhall ſhew in a further Deſcription hereafter, 
FJ. SEVENTHLY, Leſt the Steam ſhould grow too ſtrong for the 


Boiler, and burſt it, there is a Valve fix'd at &, with a perpendicular 
Wire ſtanding up from it, to put Weights of Lead upon it, according to 


the Strength of Steam that you would have; that if the Steam is ſtronger 
than you want, it may lift up the Valve, and go out. This is commonly 
call'd the Puppet Clack. | 

8. EIGHTHLY, In Captain Savery's Way of working, the Steam was 
forc'd to be made eight or ten times ſtronger than common Air, fo that 
there was ſometimes a Force of near 150 Pounds puſhing outwards upon 
every ſquare Inch of the inward Surface of his Boilers; which Force 
they could not ſuſtain without being ſpherical, and conſiderably thick. 
But here the Steam is but a little ſtronger than Air ; the Boiler is made 
hollow at Bottom, and with Flanches, (ſee the Figure) the better to re- 
ceive the Heat of the Fire, which needs not be greater than that which 
boils the Liquor in a Brew-houſe. Nay, the Top of the Boiler SDs, is 
—_— made of Lead, and very well bears all the Prefſure of the 

team. 8 x | 

9. NINTHLY, The Steam is in a fluctuating Condition, ſometimes 
ſtronger and ſometimes weaker than common Air; but never; ſtronger 
nor g weaker, as I ſhall ſhew, and any one may deduce from obſerving 
the Engine work. hh, | 

WHEN the Regulator at D is ſhut, all the Steam is contain d in the 


Space S Ds; and then, as Mr. Beighton found it, the Engine work'd well, 


when there was the Weight of one Pound on every ſquare Inch of the 


Puppet Clack 6, which ſhew'd the Steam to be 2, Part ſtronger than 


the common Air. Now as the Height of the feeding Pipe from the 
Funnel F to the Surface of the Water 85 is not three Feet high, (as 
3 Feet of Water are equal to r of the Preſſure of the Atmoſphere) if 
the Steam was , ſtronger than Air, it would puſh the Water out at 
F; which ſince it does not do, it cannot be ſtronger than Air, even in 
this its greateſt Confinement. | 

Wur the Regulator is open, the Steam gives the Piſton a Puſh on 


the under Side, which raiſes it up a little Way; then occupying more 


Space, the Steam comes to be a Ballance only for the outward Air, and 


ſo unly luſtains the Piſton: but the Over-weight of the Pump-Rods at 
the contrary End of the Beam h̊ 2 draw up the Piſton beyond C as far 


as W. The Steam then expanded ſo as to fill up alt the Cylinder _ 
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If this was not true; when the End h 2 is down as low as it is to go, and 
reſts upon the Beams that bear its Center, the Chain L H above the 
Piſton would grow ſlack, and the Piſton might ſometimes be puſh'd out 
of the Cylinder, which never happens. | 

AGAIN, when firſt the Steam is let into the Cylinder, the injected 
Water is puſh'd by it out at the EduQtion-Pipe d T V, and is all out of 
the Cylinder by that time that the Piſton is got up to C. If then the 
Steam was ſtronger than Air, it would, after the Water, blow out at 
Y, the Valve Y not being loaded, which it never does. Here it may 
be objected, that if the Steam be weaker than Air, how comes the 
Valve to open at all to let out the injected Water? To which we anſwer, 
that the Bottom of the Cylinder at d being at leaſt four Feet in perpen- 
dicular Height above V, the Steam, when weakeſt (ſuppoſe by 5) is 
aſſiſted in its Preſſure by a Column of Water 4 V four Feet in perpendi- 
cular Height, and therefore equal to near 3 of the Weight of the At- 
moſphere : But 1 —- + + is equal to 1 and 2, and therefore ca- 
pable of lifting up the Valve Y, which is only kept down by 1 the 
Weight of the Atmoſphere, and its own Weight; that is, not the 5oth 
Part of it. All the injected Water therefore goes down, and out at V, 
till the Surface of it be come down to T, where it reſts, when the 
Height T is but equal in Preſſure to 2, Part of the Weight of the 
Atmoſphere, which join'd to the Steam now weaken'd, makes it ca- 
pable to preſs neither more nor leſs than the common Air, 

10. TENTHLY, As there is Air in all the Water that is injected ; 
and that Air cannot be taken out, or condens'd with the Steam by the 
Jet of cold Water coming in at z, the whole Operation would be di- 
ſturb d, and only a very imperfect Vacuum made. But there is a 


Contrivance to get rid of that Air, which is done effectually, and it is 
thus. 


5 Wr are to remember that when Steam is become as ſtrong as Air, it 
f is above 16 times rarer; ſo that it will precipitate in Air as Quickſilver 
A would in Water. Therefore all the Air extricated from the injected 


Water lies at the Bottom of the Cylinder over the Surface of ſo much of 
the injected Water as is come down to d n. Now there is without the 
Cylinder at 4 a little Cup with a Valve, and from under the Valve a 
Fipe going laterally into the Cylinder above its Bottom, to receive the 
Air into the Cup, which at every Opening of the Regulator is puſh'd out 
into the Cup, and blows out at its Valve, when the Steam firſt puſhes 
n with a Force ſtronger. than Air, which drives out all the Air from 
the Cylinder. The Steam does not follow, becauſe being now become 


Vor. II. Ppp weaker 
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not quite ſupport it if it was not for the Over- weight above mention d. Lect. XII. 
Plate 36 
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Lect. XII. weaker than Air, as we have ſhewn, the external Air being ftrogger 
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L—— ſhutsthe Clack at 4. N. B. This is cal d the Snifting Clack, becauſe 


* Ann, 6. 


Plate 38. 
Fig. 1, 


the Air makes a Noiſe every time it blows thro' it ike a Man ſnifting with 


2 Cold. 


11. Ir the Reader is not acquainted with the Hiſtory of the ſeveral 
Improvements of the Fire-Engine fince Mr. Newcomen and Mr. Cawley 
firſt made it go with a Piſton, he will imagine that it muſt be owing to 
great Sagacity, and a thorough Knowledge of Philoſophy, that ſuch 
proper Remedies for the Inconveniencies and difficult, Cafes mention'd 
were thought of : But here has been no ſuch thing; almoſt every Im- 
provement has been owing to Chance, as I ſhall ſhew in' the Notes *, 
where I ſhall give the Hiſtory of thoſe Improvements. 

In the mean time, by help of other Figures, I ſhall go on with the 
Deſcription of the Engine in its preſent Form and Manner of working, 


Plate 37. 


12. Tux working perpendicular Beam, Part of which was only re- 
preſented in the laſt or 36th Plate, is here repreſented in the whole, with 
all its Contrivances for opening and ſhutting the Regulator and Injection- 
Cock, and mark'd Q. This Machinery is all contain'd. within the 
Compaſs of the Letters D d C6P541QNFE; but its Parts are 
drawn ſo ſmall here, that you muſt at the ſame time have before your 
Eyes the next Plate 38. which in its ſixth Figure has all the Machinery 
above-mention'd much larger, and in other Figures every Part by itſelf, 
which by this means we may fully explain. 

BETWEEN two perpendicular Pieces of Wood on each Side of P, (in 
this 37th Plate) and mark d AB in Fig. 6. of Plate 38. there is a 
{quare Iron Axis A B, (particularly repreſented Plate 38. Fig. 1.) which 
has upon it four Iron Pieces ſubſervient to the turning of the Regulator, 
by ſhooting forward and drawing back the Fork faſten'd to the Handle of 
the Regulator, (Plate 37.) and mark'd QOEL, (Fig. 6. Plate 38.) 
or by the Letters NOM, (Plate 38. Fig. 2.) There is a Slit in the 
perpendicular working Beam contriv'd in ſuch manner that its Pins work 
on the fore Part, Middle, and back Part, to raiſe and depreſs the Leavers 
5, 4, that move the Iron Axle-Tree above-mention'd as far about its 
Center as is neceſſary. But the Reader will conceive the Thing better 
by a View of the Pieces in Plate 38. and then be enabled fully to under- 
ſtand the ſame Things in Plate 37. 

Tux firſt Figure AB repreſents the Iron Axle-Tree already mention d 
and mark'd by the ſame Letters in Fig. 6. There is a Piece ce D E, 
call'd the Y, from its repreſenting that Letter by its two Shanks, only 


hanging ; 


G nme 
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hanging down in an inverted Order, with a Weight F to be ſlipp'd on Lect. XII. 
upon its upper Part, where it is made faſt higher or lower, as is oon ve 
nient, with a Key or Wedge. This Y being ſlipp' d on over the End B 
of the Iron Axle is made faſt by driving in a Key after it at e: then there 
is a ſort of a Stirrup IK I, with a long Pin L to be fix d occaſionally 
into the Holes on each Side of K: this by its Hooks II is hung upon 
the Axle at i i, then a Spannet or Handle G4 is driven on upon the Axle, 
from the other End, ſo as to come and be faſt at g at right Angles to the 
Y: then a ſhorter Leaver or Spanner at half right Angles to this, (that 
is between the long Shank of the V and G 4) is forc'd on to h, upon the 
Axle, where it is made faſt, All theſe Pieces, as they are fix d together 
on the Axle, may be ſeen at Figure 6; where you may obſerve, that 
when the working Beam goes up, by a Pulley held in its Middle by the 
Pin 9, it lifts up the Spanner H 5, which turns the Axle fo far as to throw 
the Y with its Weight F from C to 6, in which Direction, after paſſingthe 
Perpendicular, it would continue to move towards Q, if it was not ſtopp'd Ng. . 
by a Strap of Leather fix'd to its Top at E, and made faſt atthe Points mn, 
in ſuch manner as to allow the Y to vibrate about a Quarter of a Circle 
in falling forwards and backwards after it has paſs'd the Perpendicular. 
Tux ſecond Figure repreſents the horizontal Fork MON to be 
join'd at its End O to the Spanner or Handle of the Regulator P qQ 10, 
there being ſeveral Holes in theſe Pieces, that any Part of the End O 
may be kept in any Part of the Slit in the Spanner, as may be requiſite 
for the better Motion of the two Pieces. This may be ſeen in Figure 6. 
where the other End of the Fork is faſten'd to the Bottom of the Stir- 


5 rup at EK NL, by the long horizontal Pin L, ſo that the Fork may 
h continue horizontal, as it is ſhot forward, and drawn back by the Strokes 
h that E and D, the Shanks of the Y, make alternately on the fore Part 


or back Part of the Pin L, in order to puſh forward, or draw back the 
Spanner P 10, to ſhut or open the Regulator in the manner that ſhall be 
further explain'd: we will only take notice now, that there is an hori- 
zontal Piece u 1, ſo plac'd, that the End 10 of the Spanner may bear 
upon it, and be ſupported, as it flides backward and forward. 

Tux preſent Situation of the Machine, as now repreſented by this 
fixth Figure of Plate 38. is as follows. The Regulator is open, as ap- 
pears by its Plate T V being remov'd from under the Communication or 
Throat-Pipe S S, that goes into the Cylinder. The Piſton is now up 
about the Place C W, at Top of the Cylinder in Plate 37. conſequently 
the great Beam, and the working perpendicular Beamarenowalmoſtattheir 
utmoſt Height: and the Pulley in the Slit of the working Beam on the Ping, 
has fo far rais d the Spanner H 5, that the Weight or Head of the V is 
Pp p 2 brought + 


* 
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| Lect. XII. brought ſo far from under , as to be paſt the Perpendicular over the 
| — Axle; and being ready to fall over towards m, it will with a ſmart Blow 
| of its Shank E ſtrike the Pin L, and drawing the Fork O N horizon- 
| . tally towards the working Beam, will draw the End 10 of the Handle 
. of the Regulator toward 1, and thereby ſhut it, by ſlipping the Plate 
V under the Pipe 8 8. The Engine in Plate 36. is in this very Condition; 
| but in Plate 37 the Blow is already ſtruck, and the Communication cut 
off; as may be known by obſerving that the Weight at the Head of the 
| V is got to 6, as far as the Strap P 6 (mark'd z 6 in the ſixth Fig. of 
_ Plate 38.) will let it go. | 
4 | 13. Bur now, before we proceed, it will not be improper to give a 
| full Deſcription of the Regulator. See Fig. 3. of Plate 38. 
=. A Cock of four Inches Water-way, big enough to let the Steam ont 
| | of the Boiler into the Cylinder, would have ſo much Friction, if made 
| tight, as to require a great Force to turn it, eſpecially as it muſt open 
and ſhut 32 times in a Minute, therefore the Regulator has been con- 
triv'd inſtead of it. | 
TR Braſs Plate R, which you ſee here at RR in Fig. 6. and at DE 
in Plates 36 and 37. and in Plate 39. in the Middle of the Top of the 
Boiler, is caſt with the Pipe 8 88 of four Inches Bore, and work d 
| ſmooth at its Hole under the Plate, that it may be cloſely ſtopp'd by ano- 
| ther ſmooth Plate y Y y apply'd under it, (where the Preſſure of the 
| Steam will hold it the cloſer when ſhut.) There is alſo in the Plate 
=” © RR, a ſhort Pipe or conic Hole, ſmalleſt downwards, to receive the 
| Piece V W X, which being ground into it can move round without letting 
Air or Steam paſs by. There is a ſquare Shank Z Z, which is put thro 
| this laſt Piece when it is let down into its Hole, and pinn'd tight to it at 
the upper Z. Then the Spanner of the Regulator being put on, and 
made faſt at V and W, as may be plainly ſeen in Fig. 6. Plate 38. 
where the whole Regulator is put together. This Regulator opens very 
quick, and ten times eaſier than a Cock of the ſame Bore : and to help 
the whole, the Weight F of the V, when it has paſs d the Perpendicular, 
. falls with a good Force, which makes the Shank under it give a ſmart 
Stroke, either within the Fork or without, to drive the Fork, and draw 
the Handle of the Regulator ceitrary to the Way that the Weight is fall- 
ing: the Weight cauſing the Regulator to be ſhut when it tumbles to- 
wards it, and be open'd when it tumbles from it. 
14. Wurx the Regulator is ſhut, the next thing is to open the 
Injection-Cock to make the Vacuum, and immediately to ſhut it 
when the Piſton begins to come down, (for the. Vacuum is made 


in a Second of Time) and this is explain'd by Fig. 4. of Plate 35 
c 
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dc repreſents by two prick d Lines the Bottom of the Cylinder to- Le&. XII. 
wards the Injection, and the Ajutage of the injecting Pipe wit 


in the Cylinder; à 6 Part of the Pipe coming from the injecting 
Ciſtern, c the Cock, and e the Key of the Cock that has a narrow, 
long, upright Hole inſtead of a round one, that it may be the ſooner 
open d. Upon the Top of this Key is faſten'd on a Quarter of a Wheel 
with Teeth /, to be turn d by another Quarter of a Wheel : hanging down 
from the Axis h g, which is mov'd by the Leaver h A, commonly 
call'd the F: See the ſixth Figure of this Plate, where they are working 
together, and you may ſee how the perpendicular Beam moves them, 
by its Pins. | | 

"Tux Moment after the Regulator is ſhut, the Beam not immediately 
loſing its Motion upwards, the Pin s on its Outſide lifts up the End 1 of 
the F, Ei, and opens the Injection-Cock; and the Jet immediately 
making a Vacuum, the Beam begins to deſcend, and the Pin r (which 
you may put higher or lower) depreſſing the F, ſhuts the Injection- 
Cock : then the Beam continuing to deſcend, the Pulley p, preſſing on 
the Handle G 4, throws back the Y, whoſe Shank D throws forward 
the Fork, and opens the Regulator to let in freſh Steam, in the manner 
already deſcrib d; which Steam is ſhut off, by ſhutting the Regulator till 
the Cock for Injection of cold Water is again open'd, &c. 

N. B. There is a Way of opening and ſhutting the Injettion-Cock diffe- 
rent from this with the Quarter Wheels ; more uſed, and I think a great 
deal better; becauſe it moves with a Jerk, which is the beſt Way io over- 
come Friction. 


Plate 38. Fig. 7. 

AT the Center c of the F, K / there is a double Piece H making an 
Angle, to take between its Claws the Spanner H G of the Key of the 
Cock, which it can turn ſufficiently to open and ſhut the Water-way. 
At the ſhort End of the F is fix d a Weight W within half an Inch of 
the End. When the Injection ſhould be ſhut, the End of the F at K 
is lodg'd upon a Notch of a Piece hanging down at K D. But when 
any Part of the Machinery coming from the Plug or working Beam 
puſhes off the Piece K D, the End of the F, with its Weight W, falls 
down with Force upon the wooden Block B, where it remains till one 
of the Pins of the Plug preſſing upon the End f of the F, lodges the con- 
trary End and Weight W at D, thereby ſtopping the Injection, which is 
renew'd again next Stroke by the Removal of D, &c. 


Plate 
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Plate 38. Fig. 8. 
15. Tux 8th Figure of this Plate ſhews how the Iron Rods of the 
Pumps in the Wellare joined together. AB is one End of a ſquare Rod 
that has a Stud or ſhort cylindrick Piece, ſhorter than the Bar is thick, 
fixed to it at right Angles near its End B at 2, and an Hole at 1, the 
Rod being a little thinner at B than elſewhere. The End of another Rod 
C, has a ſhort Cylinder 1 to go into the Hole 1 of the other Bar above- 
mentioned, and an Hole at 2 to take in the other Bar's ſhort Cylinder 2; 
when theſe Bars have their Ends laid upon one another, the little Cylin- 
ders are hid, and the Bars appear only to have a ſquare Swell as at F. 
Then taking the ſquare Iron Collar D put it over the Bars at G and drive 
it to F, where it will remain faſt; eſpecially becauſe E is the lower Part 
of the Rod, and the leaſt ſhake at F rather faſtens than looſens the 
ſquare Collar put on. 
Plate 38. Fig. . 
16. WHEN we are to bring up the Water from a great Depth, as here 
from 50 Yards, if we endeavour to do it at one Lift, we ſhall burſt the 
lower Pipes, unleſs they be of Iron, which will be coſtly; but Wood 
will ſerve very well, if we divide the Work into three Lifts, of 530 Feet 
each. The Way to do this is to divide the Iron Rod that goes down into 
the Mine into three, and work three Pumps at once with two Cifterns 
by the Way, and the laſt at Top as uſual. The firſt or loweſt Pump P O 
is made in the following Manner. Oo is the ſucking Tree at the Bottom 
of the Pit, which has its ſucking Valve near o; op is the Pump- Barrel of 
Braſs or Iron, in which the Bucket works; p the upper Tree or Tree 
of Delivery, thro' which the Water is brought up, and comes out at 
Z into the Ciſtern ZPQ; in the lower Part of which the ſecond 
Pump is placed to draw up the Water, which is raiſed thither into the 
ſecond Ciſtern S R 2. ; 

Tat Rod ZZ whichdraws Water from the Bottom is at WY branch'd 
out into another Rod W Y kept aſunder from it by the little horizontal 
Croſs-Bar Z V, and fo goes thro' R, the Tree of Delivery to work its 
Bucket in the Barrel r, to draw out the Water from 1 thro' the ſucking 
Tree Q in the manner above-mentioned. This ſecond Rod goes on 
upwards to W W, to join to the principal or firſt Rod from the Beam 
at V, from whence is branch'd out another Rod towards T, which going 
thro' the Tree of Delivery T plays its Bucket in the Pump- Barrel t, which 
is made faſt to the ſucking Tree s $ of the laſt Lift ſtanding in the loweſt 
Place of the ſecond Ciſtern S 2. 8 
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Tun Bucket of this Pump (which is a ſucking and lifting Pump, uſed Lect. XII. 


at the Machine at Griſf) together with the Valves in the Trees, is de- 
ſcrib'd at Page 157, and 158, where I ſpeak of Pumps; the ſeveral 
Parts deſcrib'd being repreſented by the Figures 7, 8, 9, 10, 11, 12, 13, 
14, 15, and 16. of Plate 14. 

Tux particular Deſcription of the Pump-Barrels and bored Trees 
come next, 

Plate 38. Fig. 10, 11, and 12. 

Tur 1oth Figure repreſents a Cylinder of caſt Iron or Braſs, here of 
7 Inches Diameter in the Inſide, of about g Feet in Length, very 
ſmoothly bored from P to O, with Trunnions R R like a Cannon for 
the better Management of it, with a Shoulder at 3 and Q, and taper at 
the Ends from Q to P, and from 8 to O; in order to drive the lower 
End into the ſucking Tree (Fig. 11.) at LB, where it is ſecured by an 
Iron Hoop driven into the End of the Tree, as is ſhewn by the prick'd 
Circle, the whole Bore of the Tree below it being alſo ſhewn by prick'd 
Lines on each Side of N and O. HH is a ſquare Hoop of Iron the 
better to ſecure the ſucking Tree, either when the Pump-Barrel is driven 
into it, or the ſquare Plug KI, which ſtops a ſquare Holeto come at the 
ſucking Valve which is fix'd at the Height of HH. N. B. When this 
Plug is in, it is ſecur'd in its Place by Iron Bars and Screws. In the Bot- 
tom of the ſucking Tree, is driven a ſhort Iron Pipe full of Holes C 3 O, 
to prevent Dirt and Coals from coming up with the Water; and a ſtrong 
Iron Hoop AG is afterwards driven on upon the lower End of the Pipe, 
to keep all tight. When the Pump-Barrel PQR RS O ſtands faſt upon 
the ſucking Tree at LL, the lifting Free ZWXTVY, of Fig. 12. 
(ſometimes called the forcing Tree) is at its Mouth V T driven on upon 
the taper End OP of the Pump- Barrel, being alſo ſecur'd by an Iron 
Hoop between V and T, and anothereight-ſquare one at V. Thro' this 
Tree is let down the Bucket and Rod from above; the Bucket quite into 
the Pamp-Barrel. And if the Bucket ſhould at any time be foul, it is 
drawn up into this Tree between V T and Y X, whilſt a Man goes down 
Into the Well, and cleans it by taking out the Plug at X. 


Now awe come to conſider the Houſe in which the Machine flands, and 
the particular Make of the Boiler and Cylinder, and the Manner of ſet- 
ting the firſt in Brick-Work, and making faſt the laſt in the Middle of 


the Houſe. 
Plate 39. Fig. 1 ; 
Tux firſt Figure repreſents the Place of the Machine. EBCD is 
the Plan of the Walls of the Houſe, f the Plan of the Boiler; c that 
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| Lect. XII. of the Cylinder; a6, a6, that of the Beams that ſupport the Cylinder: 
aud of the Beams between which the great Beam plays. c d the great 


Beam, whoſe one End is at c over the Cylinder, and the other over the 


Pit at d. | 
Fig. 2. 


THe ſecond Figure repreſents the Upright of the four Walls of the 


Houſe, of which C D and EB are ſuppos'd to be oppoſite to each other, 
the Doors and Windows being in thoſe Walls. The two DE and BC 
are alſo oppoſite. The Wall DE has in it an Arch mb n E, under which 
the Boller is fix'd, and the Chimney of the Furnace is mark'd in prick'd 
Lines. Here are four Holes a a, a a, the uppermoſt of which receive 
the Ends of the upper Beams between which the great Beam plays; and 
the two lower Holes receive the Ends of thoſe Beams to which the Cy- 
linder is made faſt. See Plate 37. In the other Wall, BC 55 repreſent 
the Holes in the Brick-Work for tht other Ends of the Beams that ſup- 
port the Cylinder, and at g is the Window where the End of the Cylin- 
der goes out; its Center-Pin or Gudgeons playing upon Braſſes in the 
two Pieces over a9. The Way of the Pipe feeding the Ciſtern of Injec- 
tion is here mark'd in prick'd Lines. Here under is a Scale of Feet for 
the Engine-Houſe at Griff here repreſented. 
5 Fig. 3. 

Tux third Figure repreſents the Section Plan or horizontal Section of 
the Brick-Work under the Boiler. 45 þ is the Front of the Brick-Work, 
with the Door of the Fire-Place in its Middle. d cd are the Bars upon 
which the Coals are laid. The Fire ſpreading over the Space b de dc 
goes into the Flue at e, and ſo round the Boiler in the Channel / g b, and 
ſo up into the Chimney. N. B. It is obſerved that the little Paſſage be- 
tween d and d from the large Fire into the Flue is of great uſe in quicken- 
ing the Draught. 


Fig. 4. 

Tur fourth Figure ſhews the upright or vertical Section of the Boiler 
and Brick-Work, (ſee Plate 36, and 37.) where all round the Bottom 
00 and under the Flanches rs from o to s, the Fire coming from 7 is 
carried obliquely upward round the Boiler. Between & and 1 is the 
Strength of the Brick-Work, at ꝙ the Surface of the Water, at / the 
Steam-Pipe, and the Aſh-Hole at . 


Fig. 5. | 
Tux fifth Figure ſhews the Manner of joining together and rivetin 


the Iron Plates of Mr. Parrot's Invention, which laſts much longer ” 
coſts 


FIRE- ENGINE. 
coſts five times leſs than the Copper- Boilers. 1 uU is the Bottom, and 
um xy ſhew how the Sides rife to make the Flanches. nh 

Taz 6th, 7th, and 8th Figures repreſent the Cylinder and the Top 
of the Boiler. | "FOAM 

Tut ſixth Figure B A CD repreſents the Section of the Cylinder caſt 
and bored, «6 its firſt Flanch ſmooth at Top to bear againſt a Floor or 
Beams, and keep the Cylinder from being puſh'd upwards. dc a ſtron 
Flanch in the Middle, to keep the Cylinder from going down, wit 
Pieces ſtanding out at s, e, and (ſee Fig. 8.) to make it faſt to its ſupport- 
ing Beams. There is another Flanch at Bottom at D C, with Holes all 
round to receive Screw Pins to faſten on the Bottom, repreſented in Sec- 
won of Figure 7. where / G is the Throat-Pipe, whoſe Bottom has alſo a 
Flanch to join it to ſuch another in the Top of the Pipe of the Regu- 
lator Plate, which is ſeen in Fg. 3. and Fig. 6. of the 38th Plate. The 
8th Figure is the Cylinder in Perfpective, look'd at from below, to ſhew 
the ſeveral Parts of the Bottom and of the Cylinder on its under Side, 
while % ſhew the Screws and Nuts on the upper Side which hold it to 
the Cylinder, to whoſe Bottom it is made tight with a Ring of Lead be- 
tween. E is a Pipe that leads to the ſnifting Clack. F leads to the E- 
duction Pipe, and G tothe Boiler. H is a new Improvement for the bet- 
ter feeding of the Boiler, in the following manner. 

16, IT had been found of Benefit to feed the Boiler with warm Water 
coming from the Top of the Piſton rather than cold Water, which would 
too much check the boiling, and cauſe more Fire to be needful. But 
after the Engine had been placed ſome Years, ſome Perſons concerned 
about an Engine obſerving that the injected Water as it came out of the 
Eduction Pipe was ſcalding hot, when the Water coming from the Top of 
the Piſton was but juſt lake- warm, thought it would be of great Advan- 
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Plate 39. 
Fig. » 7» 8. 


tage to feed from the Eduction or injected Water, and accordingly did it 


8 following manner, Which gave a Stroke or two of Advantage to 
e Engine. | : 
To : ſhort Pipe under the Bottom of the Cylinder Fig. 8. he join'd 
the Leaden Pipe H, ſomething. more than a Foot long, turn'd up at 1, 
with a Valve on I, to be loaded with about 2 Pounds upon an Inch. Juſt 
under the Valve he carried a Communication into the feeding Pipe Ii, ſo 
that the Boiler was fed at every Injection of the Steam. | 
HRE aPhiloſopher may aſk, how the Steam (which muſt be as ſtrong, 
if not ſtrouger, upon the Surface of the Water in the Boiler, as upon 
the Surface of the injected Water that lies at the Bottom of the Cylinder) 
will yield fo as to allow any Water to come into the Boiler thro the feed- 
ing Pipe, by the Preſſure of the Steam in the Cylinder? To which may be 
Vol. II. Q qq anſwered, 


Plate 39. 
Fig. 8. 
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Plate 39. 
Fig. 8. 


Plate 36, 37. 
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anſwered, that if the Steam upon both theſe Surfaces preſſes equally ag 
Steam, we muſt add to its Preſſure on the Eduction-Water the Height 


of a Column of Water Y H, * with the Height in the feeding Pipe 


from I to the Surface of the 
cient Force to feed the Boiler. 2 

17. To judge of the Power of this Engine, we muſt conſider what is 
the Weight of the Pillar of the Atmoſphere that prefles on the Piſton, 
which is always proportionable to the Square of the Diameter of the Cy- 
linder. Mr. Newcomen's Way of finding it was this: From the Diameter 
ſquar d he cut off the laſt Figure, calling the Figure on the left Hand 
long Hundreds, and writing a Cypher on the right Hand, call'dthe Num- 
ber on that Side, Pounds; and this he reckon d pretty exact at a Mean, 
or rather when the Barometer ſtood at 30, and the Air was heavy, 
N. B. This makes between 11 and 12 Pounds upon every ſuperficial round 
Inch. Then he allow'd between + and + Part for what is loſt in the 
Friction of the ſeveral Parts and for Accidents : and this will agree pretty 
well with the Work at Gr:f Engine, there being lifted at every Stroke 
between + and + of the Weight of the atmoſpherical Column preſſing on 
the Piſton, We'll give the thing in round Number s. | 

D1iAaMETER of the Cylinder = 22 Inches; this ſquar'd is 484. Cut 
off the laſt Figure, and you have 48 hundred. | 

Tux Pillar of Water weighs about 27 hundred, to which adding the 
Weight of 73 Yardsof Iron Rods, viz. about g hundred, the Weight lifted 
at the End of the Beam h 2 would be 36 hundred. Plate 36, and 37. 

FRo which we muſt ſubtract about 4 hundred for the Piſton and 
Weight at the other End of the Beam b; reducing it to 32 hundred. 

So that the Weight of the Atmoſphere 48 hundred, works with eaſe 
a Weight of 32 hundred with a Velocity of 6 Feet in 2 Seconds; for 
we Ay, 5 conſider the riſing Stroke. 

THr1s Engine at a Coal-Mine at Gr:f, from whence the Draught 
was taken, did diſcharge as much Water as did before employ more than 
50 Horſes, at an Expence not leſs than goo/. a Year; whereas the Fire 
in Coals, Attendance, and Repairs, did never coſt more than 1 50. 4 
Year in this Engine. | | 

Plate 39. Fig. 13. 

Tur 13th Figure repreſents the Piſton made of a thick Braſs Plate 
with an Iron Shank D B going thro its Middle, and faſten'd underneath 
by a Nut, or Key, and made Air-tight there. To make it Air-tight 
round its Circumference CA next to the Cylinder, a long narrow Piece 


ater in the Boiler; and then we have ſuffi- 


of Leather like an Horſe-Bridle ee is turn'd round, ſo as to have its 
Edge next to the Sides of the Cylinder on the outer Side of the Holes or 


Pins 
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Pins Mark near C and A. To keep the Leather from quitting the Sides Le&. XII. 


of the Cylinder, and contracting itſelf towards E, 4 or 5; Pieces of Lead, 
flat and circular, with their Endsturn'd upas G F, are ſet upon the Piſton- 
Plate, ſo as juſt to touch the Leather on the Inſide, which they ſhove 
outwards in the working of the Piſton, being looſely join d to one ano- 
ther by ſmall Pins at F, ſo as all together to make a Crcumference of a 
Circle eaſy to dilate or contract, to preſs againſt or yield to the Leather, 
as the Piſton goes up and down. N. B. Sometimes only a long Piece 
of 1 or a ſoft Rope well ſoak d keeps the Piſton tight inſtead of 
Leather. | 


The Operation, or Manner of firſt ſetting the Fire-Engine to work. 
Plate 38. Fig. 6. & Plate 37. | 


BryoRE you truſt the riſing and falling Beam (or working Plug) to 
turn the Cocky and regulate the going of the Engine by its Pins and 
Pulleys, your Labourer who locks, after the Engine ſets it going in the 
following manner : The Pins and Pulleys being all ready for the Plug, 
but not fix'd into it till he has found the proper Places for them, the 
Regulator being ſhut, he obſerves when the Steam riſing from the boiling 


Water is ſtrong enough to raiſe the Puppet-Clack a little; then with his 


right Hand taking hold of the Handle 4 of the Spanner 4G, depreſſes it, 
which turns the Axis AB part of a Turn, and thereby _—_ over the 
Y towards u, whoſe Shank D ſtriking the Pin L ſmartly, ſhoots forward the 
Fork to puſh on the Spanner of the Regulator, and open it. The Steam 
immediately going into the Cylinder, the Piſton rites, and with it the 
great Beam. Whenthe Piſton is up at its full Height as CW, (Plate 37.) 
the Operator, (tho' out of ſight ofit) knows it by ſome Mark upon the Plug 
QQ, which is ſtill riſing, and raiſing the Handle 4, throws over the V to- 
wards m and ſhutsthe Regulator; but marks with Chalk about 5 the Place 
of a Pin and Pulley, which by its riſing will next time throw over the Leaver 
5 H whichis in its Slit, and by giving about a Quarter of a Turn tothe Axis 
AB, will next time throw back the V towards n, and ſhut the Regulator. 
Then the Operator having hold of the End 1, of the F, Bh, lifts it up, (mark- 
ing the Plug at to put in the Pin 5s) and opens the Injection, which makes 
a Vacuum in about one Second of Time. Then he ſhuts the Injection, which 
has done its Office; and the Piſton comes down very faſt, which (by open- 


ing the Regulator) he meets with the Steam, that drives it up again. 


N. B. You may ſee in Plate 37. that there is a ſtrong Frame Fr, F 2, 
upon which fall two ſtrong wooden Springs 8 1, 8 2, that if the Arch 
of the Leaver ſhould come down too low, there may be done no Miſ- 


chief by the Piſton, and the whole Stroke may be made upon 81, $ 2, 
Qqq2 by 
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Lect. XII. by the ſtrong Iron Pin PI, P, which will there be ſtopped, But when 


| — 


Ann. 7. 


the Labourer has fix d all his Pins right in the Plug or working Beam, 
the great Beam will move ſo regularly; as to come very near the Spings, 
and not touch them once in an hundred times. Then the Engine works 


ſelf whally, and the Operator is only to take Care of the Fire, and fee 


that no Accident happen. In the Coal Countries, when the Men go to 


dine and drink, they often leave the Engine by itſelf for 3 or 4 Hours, 


So much is this Engine under Command, that I have ſeen a Fire-Engine 


whoſe Piſton came down with a Force of 20000 Pounds everytime, ſtopp'd 
All at once by an Hair, ſtretch d over and puſhing upon the End of the F, 
to keep it from injecting. 8 | 1 


AND now I have done with the Fire-Engine, (as it works at all the 
Mines where it is uſed) with a Leaver; except ſome few Things, 
which I ſhall mention in the Notes ®. | | 


Now to ſhew that Captain Savery's Method is not wholly uſeleſs, 
Fil give an Account of ſome Improvements I have made in it, and ſhew 
in what Caſes it is more uſeful than the Leaver-Engine. But firſt to ſhew 
that Fire can give a much greater Force to Water turn'd into Steam than 
is uſually imagined, I will give the Experiment of the Burſt of Bubbles 
half full of Water, commonly 'call'd Candle-Granades. 


| Plate 39. Fig. 14. . 

TAxkx a little Glaſs Bubble G, of about the Bigneſs of a Pea, with a 
Stem half an Inch long, hermetically ſeal'd at the End, ane full of Wa- 
ter. Stick it in the Tallow of a lighted Candle A, and puſh the Ball 
near the Flame of the Candle. If there be no Water at all in the Bubble, 
when the Candle burns down to it, it will heat red-hot, and the Air ex- 
panding with a ſmall Noiſe will burſt the Glaſs, as at B; blowing againſt 
it, and but ſeldom putting it out. But if there be Water in the Bubble, 
it will fly all to Pieces .with an Explotion almoſt as loud as a Piſtol, 
when ſufficiently heated: and the Snuff of the Candle will be beaten 


down as if ſtruck with a Hammer, and the Fibres ſtretch'd out every 
Way. | 


SECTION XV, 


THE late Dr. Gra veſande, before he was Profeſſor, came to Eng- 
land Secretary to the Dutch Embaſly in the Year 1716, and then 

did me the Honour to go thro' a Courſe of Experimental Philoſophy 
with me. As we were confidering Savery's Fire-Engine, as it is deſcrib'd 
in Dr. Harris's Lexicon Technicum, we thought there was a great — 
0 


15:0 wr ri Bw gle. 7 - avs 
of Steam by continually acting upon the Receivers without Intermiſfion; Leck. XII. 
it becoming uſeleſs till it had heated the Surface of the Water in the Re Sy 
ceivers, and alſo to a certain Depth: and that if it wete ſo contriv'd; that 
after. the Steam had preſed up one Receiver full of Water, inſtead of 
being thrown. upon another it ſnould be confin d in the Boiler till the Re- 
ceiver Was refill d by the Atmoſphere, and then turn'd upon the Water: 
That by this means its Confinement might give it ſo much Force, that 
it would puſh hard againſt the Surface of the Water, and have diſcharg'd 
a great deal of it, even before it had heated the Surface ; and that Savery 
aps had, ĩn his great Work *, - choſen to ue two Recivers; becauſe 
the Marquis of Worceſter mentions two in his*Account © werefolved to 
have a working Model made, to work either with one or with two Re- 
ceivers, This Model ſoon ſhew'd us that one Receiver could be emptied 
three times, whilſt two ſucceeding ones could be emptied but once a- 
piece. So that by this means an Engine would be fo ſimple, as to be more 
eaſily work d, coſt almoſt half leſs, and raife à third more Water. Ac- 
cordingly I erected an Engine in the Manner ſhewn in Plate 40. whoſe 
Deſcription. compar d with the Draught in Harris's Lexicon will her 44 
my Improvements. _ 1 | | ape 
Ex ANAT ION of the Plate. . 
A. Tn Receiver, of Copper, communicating at Bottom with the Plate 40. 
ſucking and forcing Pipes between Fand G, and at Top with the Steam- 
Pipe at D, and the injecting Pipe at l. pe | 


nr ˙ c Sd 
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B. Tur Boiler, of Copper alſo, containing at leaſt five times more than 
— the Receiver, round which the Fire and Flame are conducted at T, T, T, T. 
ll It has a Copper Cover ſkrew'd on, which contains C D, the Steam- Pipe 
L _ communicating from the Boiler to the Receiver and Nu the loweſt Gage- 
#4 Pipe; alſo Oo the higheſt Gage-Pipe, and a Valve at P kept down by the 
ſt Steel-yard P Q and the Weight Q. # 
* SS. Tux Surface of the Water in the Boiler, which muſt be lower than 
l, the Bottom of the'ſhort Gage-Pipe at o, and higher than the Bottom of 
on the long Gage-Pipe at u. | | | | 
* DI. Tur Steam-Cock with the Key K kept down by the deſcending 


Screw L, held by the Gibbet DL, whilſt the Handle K is either turn d 
to &, to receive the Steam coming from the Boiler; or to K, to ſhut out 
the Steam and admit a jet of cold Water coming from the aſcending 


g- Pipe EE 2, thro' the Cock M, which muſt be open during the 

en Operation. 

by N. B. Tx1s'Cock is more fully deſcrib'd in Fig. 2. _ 

" EEGZ. 
* | * — i 

of 1 = _ nba Engine for Mr, Ball at Camden Houſe at Kenſington, that went very 


486 
Leck XII. 

— 
| Plate 40. 


F1RE-ENGINE,: improved from Sa very. 
E E G Z. Tax Horſe or Pipe with ſeveral Elbows, which is ſolder'd 
to the forcing Pipe EE 2 at E, the ſucking Pipe Z H at Z, and the 


Receiver at F. This Horſe contains the ſucking: Valve at G and the 


forcing Valve at F, which are eaſily come at by IE I; to looſen 
the Strap 2, and let down the Flanch 3, as ſhewn in Fig. 2 


R. Taz Ciſtern communicating with the forcing Pipe by a x Cock and 


| ſmall Branch as Y, to fill the Force-Pipe upon occaſion, 


H. A Box with Holes to keep out Dirt from Gong up with the Wa. 


ter. from the Bottom of the Well X. 
I. Tur ſpreading Plate, to make the Steam and the Water alternately 


be divided into little Jets; 


bc. Tux Surface of the Steam puſhing down the Water, in order to 


drive it up again into the Force-Pipe E E thro' the Valve E. 


V. Tux Door of the Fire-Place, and W the Aſh- Hole. 

Figure 2. Tux Machinery of the Horſe from 1, 2, 3. Fig. 1. is here 
deſcribed: 11s the Screw, which going through the Stirrup 2, preſſes on the 
Piece of caſt Iron 3, which is made tight to the Brim under it by double 
Canvas, whilſt the Returns of the Stirrup draw vp the Ring 4 under 
the Brim to ſupport it. 

5, 6, 7. Is the Key of the Steam-Cock, having an Hole on the Side 
at 6, which goes down thro' the Bottom of the Key, to throw down 
into the Receiver the Steam and Jet of Water alternately. 

Tuis Key has a Notch at 7, to take in the Water from the Force-Pipe, 
and convey it to the Boiler, when it is. charged again with Water. 


See the tuo Sections of the Cock and Key. 


The Operation of the Fire-Engine improv'd from 3 or . from 
the Marquis of Worceſter, 


The OPERATION. 


TAKE off, or turn over your Steel-yard, and open the Cock O of the 
ſhort Gage-Pipe Oo; then having put a long Nail or any Piece of Iron 
under the Valve to keep it up, pour in your Water at the Valve, and as 
the Water goes down, the Air will blow out at O, till the Surface of the 
Water comes up above the Bottom of the ſhort Gage-Pipe at 0; then 
the Boiler is ſufficiently fill'd. 

Tux having ſhut the Steam-Cock DI from communicating with 
the Boiler, and likewiſe ſhut the two Gage-Cocks upon the Boiler at N 
and O, put the Steel- yard on the Valve with its Weight near P, and 
light your Fire. For a ſmall Height, the Engine may work when the 


Weight is very near P; but for a great Height, it muſt be further. In 
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trying your Boiler, that you may be ſure your Steel-yard Weight is not Lect. XII. 
too heavy, remove it, Notch by Notch as you increaſe your Fire, till it Pls ann 


cauſes the Weight to riſe at the laſt Notch at Q. 
N. B. You may faſten a String to pull up the Steel-yard on occaſion, 
as you make the ſtrongeſt Trial; that you may be certain the Weight is 
not too heavy: and take care that no additional Weight be put to the 
Steel-yard Weight. | 
ALL being ready, and the Steam beginning to lift the Valve, turn the 
Handle of the Steam-Cock on the Receiver from K to E, to let in the 
Steam from the Boiler along C D, firſt opening a ſmall Hole, and then 
the full Bore: then the Steam ſpreading thro' the ſmall Holes of the Plate 
at I, puſhes on the Surface of the Water at bc, till the Water comes 
down to the forcing Valve F, which you will hear fall when all the Wa- 
ter is gone out of the Receiver, whoſe Out- ſide will feel very hot at that 
time. N. B. It is ſuppos'd that you have fill'd the Receiver with Water 
before you begun, which is done by taking out the Key of the Cock 
under the Screw L, which you have ſcrew'd up a little and turn'd off 
with the Gibbet L D. You may greaſe the Key of the Cock as you 
put it on again. | A eee 

Tux forcing Pipe being now full, and having the Cock M open, 
turn back the Handle from & to K; a jet of cold Water will ſpout in 
thro the ſpreading Plate I among the Steam, which it will immediately 
condenſe, and the Air preſſing in the Well will puſh the Water up inta ' 
the Receiver, which will immediately fill it, and the Receiver will feel 
cold quite up to I. Then turning the Handle to & as before, which will 
admit the Steam and drive out the Water quite to F, then return the 
Handle to K to admit another Jet, and fo on. 

Taxis Machine may work about 4 or 5 Hours before it is time to give 
over; which you may know when the Cock N, as well as the Cock O, 
being opened, gives Steam; becauſe then the Surface of the Water in the 
Boiler being below the Bottom of the longeſt Gage-Pipe, is too low, and 
the Boiler in danger of being burned. | 

Wren both Cocks give Steam, there is to much Water in the Boller, 
and ſome muſt be boil'd away by openingthe Valve till the Cock O comes 
to give Steam when the Water boils. a 

So that when the Cock O open'd gives Steam, and the Cock N open d 
gives Water, the Boiler is in right Order. | 

Wurx you would repleniſh the Boiler, you may either remove the 


Fire firſt, or let out the Steam thro' the Cocks; and in the mean'time 
proceed as follows: 


TuRN 


4088 Finn BNGINR, Autrogdo/rom Sarery- 
Leck. XII, TuxN the Handle K from. you behind L, which will bring the Notch 


| \ 736 of the Key of the Cock (mark d 7 in Fig. 2.) to ſuch a Situation as you 


may ſee in the middle Drawing of Fig. 2. and then (che Cock M being 
ſill open, as well as the Cock Y) the Water will run from the Ciſtern 
thro the forcing Pipe and Steam Pipe into the Boiler, without going into 
the Receiver (Which you may have fill'd before if you. pleaſe) the Steel. 
yard being off of the Valve, and the Cock O open, to let out the Air az 
the Water comes in, - . 55 M hog hee ee 
To know when you have Water enough in the Boiler, obſerve when 
the Cock O ceaſes to blow, and the Valve (which you muſt not now 
have prop'd open) dances : Turn back your Handle to K, ſhutthe Cock 
Y, and all is done. | 3. As 3x and e 


AccoDiNG to this Improvement, I have cauſed ſeven of theſe Fire- 


Engines to be erected ſince the Year 1717, or 1718. The firſt was for 
the late Czar Peter the Firſt, for his Garden at Peterſburgh, where it was 
ſet up. The Boiler of this Engine was ſpherical (as they muſt all 
be in this Way, where the Steam is much ſtronger than Air) and held be- 
tween five and fix Hogſheads ; and the Receiver held one Hogſhead, and 
was fill d and emptied four times in a Minute. The Water was drawn 
up by Suction, or the Preſſure of the Atmoſphere, 29 Feet high out of 


the Well, and then preſs'd up 11 Feet higher. The Pipes wers all of 


Copper; but ſolder'd to the Horſe with ſoft Solder, which I knew would 


hold very well for that Height: and 1 did not care to venture either 


upon a greater Quantity for that Height, or a greater Height for that 
Quantity, For if the Quantity was larger, then the Boiler muſt be 
greater, and the Steam of the ſame Force would have a greater Surface to 
act N which might burſt the Boiler, or require it to be made much 
thicker. 8 
ANOTHER Engine of this ſort, which I put up for a Friend about 
five-and-twenty year ago, drew up the Water 29 Feet from the Well, 
and then it was forced up by the Preſſure of the Steam 24 Feet highet 
into a Ciſtern holding about 30 Tuns ſet up at the Top of a Tower, in 
order to run down again thro' a Pipe of Conduct, and play ſeveral Jets 
in the Gardens. But ſometimes no Jets being play'd, the Water was at 
the Height of about 6 or 8 Feet diſcharged out of the Fotce-Pipes to 
fill the Ponds and water Meadows in dry Weather, which it did with a 
leſs Strength of Steam than what drove the Water into the Tower; or it 
the ſame Strength was kept up, one might make 8 or 9 Strokes in a Mi- 
nute, inſtead of about 6 when the Water was driven up into the Ciſtern. 
Upon the Safety-Valve there was aSteel- yard, the Place of whoſe Hue 
Ws 
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hhews the Strength of the Steam, and how high it was capable of raiſing Le&. XII. 
Water. But when the Weight was at the very End of the Steel-yard, == 
the Steam then being very ſtrong, would lift it up, and go out at the 

Valve rather than damage the Boiler. But about three Years ago, a Man 

who was entirely ignorant of the Nature of the Engine, without any In- 

ſtructions undertook to work it; and having hung the Weight at the 

farther End of the Steel- yard; in order to collect more Steam to make 

his Work the quicker, hung alſo a very heavy Plumber's Iron upon the 

End of the Steel- yard. The Conſequence prov'd fatal, for after ſome 

time the Steam, not being able with the Safety-Clack to raiſe up the 
Steel-yard loaded with all this unuſual Weight, burſt the Boiler with a 

great Exploſion, and kill'd the poor Man who ſtood near with the Pieces 

that flew aſunder ; there being otherwiſe no Danger, by reaſon of the 
Safety-Valve made to lift up, and open upon occaſion. 

Tugsg Accounts ſhew how high, and in what Quantity this kind 
of Fire-Engine can fafely raiſe the Water. About as much Fire as a 
common large Parlour-Fire was ſufficient to work this Engine, and raiſe 
15 Tuns per Hour, So that if the Ciſtern be kept full, you may ſet 
your Jets a playing to entertain your Friends at any time, and then ſend 
a Man to light the Fire under the Boiler, which will raiſe Water to 
ſupply your Jets before your Ciſtern be empty: fo that you may play 
your Jets as long as the Fire burns; and no longer, ſpending only Coals 
when you want Water. This Engine, according to my Method, con- 
liſts of ſo few Parts, that it comes very cheap, in proportion to the 
Water that it raiſes; but iras its Limits, as we ſaid before. | 

Tur Leaver Engine, often call'd Newcomen's, has its Limits the 
other Way. That is, it muſt not be too ſmall; for then it will have a 
great deal of Friction, in proportion to the Water that it raiſes, and will 
colt too dear, having as many Parts as the largeſt Engines, which are 
the beſt and cheapeſt, in proportion to the Water they raiſe : The Fricton 
beingalways as the Diameter, whereasthe Water rais'd isas the Squareof 
the Diameter of the Cylinder; and a much greater Partof the whole Power 
is employ'd to move all the little Machinery than in a great one. I had 
an experimental Proof of this at Veſtminſter in the Year 1728, or . when 
Mr. Janes (commonly call'd Gun-Fones) built a Working Model of the 
Leaver- Engine in my Garden, (which Model he had a mind to preſent 
to the King of Spain.) I had at the ſame time near the Place where he 
etected his Engine, one in Savery's Way, which raisd ten Tuns an 
Hour about 38 Feet high. | 10 4 | 

He made his Boiler of the exact Size of mine; and his Cylinder was 
lix Inches Bore, and about two Feet in Length. When his Model or 

Vo T. II. Rr Leaver- 
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Of WATER-ENGINES. 


Lect. XII. Leaver-Engine was finiſh'd, it rais'd but four Tuns per Hour into the 
wy ſame Ciſtern as mine. It coſt him 3000. and mine, having all Copper 
Pipes, had coſt me but 80 J. | | 


SECTION XVI. 


OW we come to conſider the moſt common Caſes in Hydraulicks, 

which are thoſe where there is a Neceſſity of raiſing Water, and 
we can have only Men, or Horſes to do it. Here, inſtead of hearkening 
to quack Engineers, who in Oppoſition to each other cry up their own 

articular Engines; we muſt know for certain how much Water one 
Man (or any Number of Men) can raiſe to a certain Height in a certain 
time, by the help of the beſt Engine; and the Knowledge of this 
Maximum will ſhew what we can expect to have done, by the Number 
of Men or Horſes that we can ſpare to employ in this Work. By this 


means we ſhall not be impos'd upon by knaviſh or ignorant Pretenders. 


And here the Ignorant, if he be honeſt, is more dangerous than the 
thorough-pac'd Knave; for the Conceit of the — will give him 
ſuch a Confidence, as eaſily to perſwade thoſe of his Skill, who profeſs 
to have none of their own. A Oh | 

Ox might from ſuch mechanical Principles as are learn'd in the firſt 
Volume deduce fo much of this Knowledge, as to be certain how much 
Water ata Medium a Man can raiſe in an Hour to a certain Height, 
without making any hydroftatical or hydraulick Experiment; if People 
could be brought to believe that it is the ſame thing to carry up into any 
Roomacertain Number of Pounds of Lead, or Pints of Water, in the ſame 
time. Butafew Perſons, unleſstheyarevers'din Mechanicks, imagine, that 
it is exactly the ſame Labour, and will take up as much time to carry a Ton 
Weight of Wheat into a Granary, as to fill a Tun with Water in the ſame 
Place, either wo it up in Pails, or pumping it up with a good Pump. 
The falſe Notion of ſome of the Ancients, wiz. That Water does not 
weighin Water; or the Thoughts that a Column of Water may be ba- 
lanc'd to Advantage, or that the Fluidity of Water takes off its Weight, 
leads many People into Error. For this reaſon I have choſen to fix my 
Maximum of what a Man or Horſe can do in this Caſe from hydraulick 
Facts; by obſerving what Men have actually done with the beſt Pump 
or Water-Engines in uſe; and take the Medium. Afterwards I ſhall 
ſhew, that the ſame will come out by mechanical Calculation ; for a 
Man turning a Winch or Handle to wind up Weights, works neither 
eafier nor harder than when he winds up Water; and if his Eyes were 
ſhut, he would notknow which he was doing. 
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SzCTIoONn XVII. Le. XII. 


H E firſt of theſe Engines 1 ſhall conſider, is a Contrivance of the IE 0s 
late Mr. 7h Haſeins, to avoid all Friction of Solids in Pumps, 
by the Subſtitution of Quickſilver inſtead of Leather. 


Plate 41. 


A Deſcription of an Engine ts raiſe Water by the help of iel ihr, 
invented by the late Mr. Joſhua Haſkins, and i is the Author. 


Mx. Haſkins finding that all hydraulick Engines working with 
Pumps loſe a oe deal of Water, (always giving lefs than the Number 
of Strokes ought to give, according to the Contents of the Barrels ;) and 
that when the Piſtons are new leather d to prevent that Loſs, the Fric- 
tion is much increas d, and the Engines are ſubjeR to Jerks, which in 

eat Works do often diſorder an Engine for a great while, by breaking 
ome of the Parts; contrived a new Way of raiſing Water without any 
Friction of Solids; making uſe of Quickſilver inſtead of Leather, to kee 
the Air or Water from ſlipping by the Sides of the Piſtons in the Barrels 
where they work: hoping thereby to prevent alt the aboveſaid Incon- 
veniencies ; and alſo to have Water-Engines leſs liable to be out of order 
than any yet made. 

Tux firſt Experiment he made with an Engine that he ſet up at my 
Houſe about two Years ago, which I repeated before the Royal —_ 
in a Model: and tho', by the ill Conttivance of the Parts, it did not raiſe 
near the Quantity of Water that the Invention is capable of; yet I ſhall 
deſcribe the Machine here, becauſe it will ſerve for the better under- 
ſtanding of our preſent Engine. : 


Plate 41 and 42. Fig. 1. 


dd dd repreſents a Lignum Vitæ Plug or Piſton, (which Mr. Hoſerns 
call'd a Plunger) about ſix Feet long, made heavy enough with Lead 
at Top to fink into Mercury, which is before-hand pour'd into the Barrel 
D1iD2uptomm. The Chan E 1 E 2, join'd to the Piſton and 
the Power that moves it, being let down till the Piſton comes to D 2, 
the Mercury riſes to the ſame Height in the Barrel, and in the Receiver 
R, (which it fills) namely to n u, as appears in the Figure. Then by 
drawing up the Piſton till its Bottom is come to m m, the Mercury 
coming out of the Receiver down to o makes a Vacuum, and the 
Weight of the Atmoſphere cauſes the Water to riſe up thro the Sucking- 
Pipe A 1A 2, and Valve V into the Receiver where the Mercury was 

Rrr 2 before, 
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Left. XII. before. Upon letting down the Piſton again, the Mercury riſes into 


— "mmnn_"l 
Plate 41 and 
42. 


the Receiver, and drives up the Water thro' the Elbow B, the forcing 
Valve u, and ſo up the forcing Pipe 4 2 4 1: But when once the forcing 
Pipe (which here was 46 Feet high) is full, before any Mercury can 
enter into the Receiver, and force any Water out of the Top of the Pipe 
a 1, the Mercury between the Piſton and the Barrel muſt riſe up to 
q q near 3 + Feet above the Bottom of the Receiver; and as it continues 
to riſe up to pp, the Water is thrown out with a Velocity proportionable to 
the Height that the Mercury is rais'd above the 14th Part of the Height of 
the Water. Now tho' the Friction of Solids is here avoided, it is plain 
that the Mercury muſt move from m m to q q without raiſing any Water, 
and that it can only force in going from 99 to p p, and only ſuck in 
falling from oo to mm: And unleſs the Piſton is ſtopp'd a little while 
when at loweſt, the Water won't have time to run out: So likewiſe 
the Piſton muſt be ſtopp'd when at higheſt, that the Receiver may 
have time to fill, 1 6 

Mx. Haſerns likewiſe propos d another Way, repreſented in Fg. 2. 
where the ſame Letters repreſent the ſame Parts, only the Barrel is 
moveable by the two Chains E 1 and E 2, and inſteadof a ſolid Piſton, 
the hollow Cylinder C I cc is fix'd, and the Mercury moving up and 
down in the ie Part of it, ſucks and forces the Water thro' the El- 
bow. The Figure repreſents the Engine ſucking, by means of the 
Mercury hanging from oo to mm : In order to force, before any Water 
can be driven out, the Mercury in the inward Cylinder muſt deſcend 
from 00 to m mn, and riſe up to þ between that Cylinder and the Barrel; 
ſo that here alſo a great deal of time is loſt ; beſides the great Quantity 
of Mercury uſed, which is very expenſive ; becauſe as much Mercury 
is mov'd every Stroke as there is Water rais'd. ; 

Tres Difficulties very much.puzzled Mr. Hoſtins, and quite diſ- 
courag'd ſome other Perſons that had got the Secret of the Invention, 
and were ſetting up againſt him. But when I had conſider d the Matter 
a little, tho' I had not time to contrive a Machine for it, I told him 
that a little Mercury might be made to raiſe a great Quantity of Water, 
and there ſhould not be ſuch a Loſs of time as in his Engines ; but that 
I would have him find it out before I affiſted him farther. In a little 
time he found out the Contrivance repreſented in Fig. 4. and after- 
wards that of Fig. 3. which laſt was what I had thought of: And both 
theſe were alſo found out by the late Mr. William Vreem, who was an 
excellent Mechanick. iy 77 


Fig. 
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Fig. z. Lect. XII. 
HeRe the Barrel is mov'd as in Fig. 2; but the Plug 4d d taking r 
up a great deal of Space, there is occaſion for no more Mercury than 1 1 
what will make a concave Cylinder or Shell up to ppb between the 
Barrel D 1 D 2, and the hanging Cylinder C 1 C 2 c c, when the 
Stroke is made for forcing; and a concave Cylinder between the Plu 
CI C2cc, when the Suction is made. I gave Mr. Haſeins the Pro- 
rtions for an Engine this Way, of which he made a Draught, and 
ſhew'd to the Right Honourable the Earl of Macclesfield a few 
Days after. This I mention here, that no Body may endeavour to 
get a Patent for this Invention, to the Prejudice of Mr. Haſtins's Aſ- 
ſignees; Who, ſince his Death, have deſired me to aſſiſt them in per- 
fecting the Engine. 


Fig. 4. 

HERE the Barrel with a third Cylinder d d dd, inſtead of the Plug, 
of Fig. 3. is lifted up and down every Stroke, and the Water paſſes 
thro' dd d d, the Mercury making a Shell ſometimes between the 
middle and inward Cylinder, as in the Suction ; and ſometimes between 
the Barrel and middle Cylinder, as in the forcing Stroke. 

MR. Haſtins had contriv'd ſuch Machine as is repreſented by this 
fourth Figure, and beſpoke the ſeveral Parts before he died; and there- | 
fore when I was deſir'd by his Aſſignees to direct the ſetting up the Ma- 
chine, I was oblig'd to make uſe of the Pieces already made, in order 
to ſave the Expence of a new Engine : And now the whole put together 
with ſome Alterations, make the Engine repreſented by Fig. 5. as it is 
ſet up at my Houſe in Meſiminſter, and by the Force of one Man, 
raiſes a Hogſhead of Water in a little more than a Minute and a half ö 
to the Height of 27 Feet. All the Fault of the Machine of Fig. 5. is, | 
that the Pendulum Handle FF is too long, and the Bottom of the 
middle Cylinder C ought to be juſt in the Middle of the Height to 
which the Water is to be rais'd, ſuppoſing three Copper Cylinders to be | 
as they are here: If likewiſe the Barrel D x D 2 work d under the 
forcing Pipe, the Lift will be eaſier. Therefore I deſcribe the Machine 
in the ſmall Alterarion repreſented in Fg. 6. | 

Tae ſucking and forcing Pipe and Valves are mark'd with the ſame 
Letters as in the other Figures: and the Chains E 1, Ea, muſt be fuppos'd 
to hang from ſuch Pulleys, and to be. mov'd by ſuch a Pendulum as is in 4 
Fig. 5. The Barrel in D 1, D 2, (call'd otherwiſe the outer Cylinder, | 
and repreſented by the ſame Letters in Frg. 7.) has within it another 
Cylinder 
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which two Cylinders a certain Quantity of Mercury is poured in, and 
the hanging Cylinder C coming down into the Mercury, a Stroke of 13 
Inches may be made by the Motion of the Barrel, which in going down 
ſucks by making a Vacuum in C, and in going up forces the Water out 
of the Top of the forcing Pipe, performing the Office of a common Piſton; 
only that inſtead of Leather to make it tight to the Cylinder C, there is 
always a thin Shell of Quickſilver either between the middle Cylinder C, 
and the inner one, (ddd d, Fig. 7.) as happens when the Suction is 
made, or between the middle or outer Cylinder, as happens in lifting 
up the Barrel to force. In the Suction, the Mercury is higher in the inner 
Shell than in the outer Shell, by an Height equal to a little more than 
#; Part of the Height of the Barrel above the Water to be rais'd : And 
in forcing, it is higher in theouter Shell than in the inner by alittle more 
than , of the Height of the Pillar of Water to be forced. And there- 
fore, if the Water is not required to be raiſed above 64 Feet, the Barrel 
ſhould move ſo as to make the Middle of its Stroke at the Height of 
30 Feet, or at the Middle of the Way from the Water to be rais'd to the 
Delivery at Top. 

Tux 7th Figure drawn by a larger Scale, repreſents the three Cylin- 
ders which are here made of Copper, in their juſt Proportions : And for 
the ſake of thoſe that would confider this Matter fully, I have here given 
their Lengths, Diameters within and without, and Thickneſs. 


Outer Cylinder or Barrel, Middle or hanging Inner Cylinder or Plug 
Di, D 2. Cylinder, in which cloſed at Top by a Cap, 

| the Stroke is made andmoving upanddown 

C1, C2, cc. Vith the Barrel to which 

| itisjoin'datBottom ddda. 


Inches. Incbes. Inches. 
Length 30 —29,0 — 
Diameter within —6, 74 0,35 ————6,23 
Thickneſ O,. 1 — , 08 — 5,3 
Diameter without 6,94 —5,51 — 5,29 


Here BB repreſents part of the Elbow of Fig. 5. or of the forcing 
Pipe of Fig. 6. But as the Spaces between the Cylinders are fo ſmall as 
not to be viſible even in a large Draught made by a Scale; I have here 
given three more Draughts of the three Cylinders where the Height is 
agreeable tothe Scale of the 7th Figure, but the Diameters of the middle 
and inner Cylinders are made leſs than they are in the Engine, to make 


the 
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the Space between (where the Mercury riſes and falls) viſible; and the Lect. XII. 

Cylinders themſelves are repreſented by ſingle Lines. — — 

Tur Quantity of Mercury uſed in this Engine is 367 Pounds, which Plate 4 and - 

being pour d in between the outer and inner Cylinder, riſes up to the 42. 

Height of 16 Inches. 

Wurm the Barrel is pull'd up (as in Fig. 9.) fo as to have the middle 

Cylinder within an Inch of the Bottom of the Barrel; the Mercury on 

both Sides the middle Cylinder will riſe up to the Height of 23,1 Inches, 

that is, about two Inches below the Cup D 1, to the Line gg. - 

WuHen the Barrel is going down to fill the ſucking Pipe and middle 

Cylinde rC, the Mercury in the inner Shell will be 25 Inches high, and 
only 13 in the outer Shell, Fig. 9. where the ſhaded Part repreſents 

the y. | 
Ar the End of the ſucking Stroke the Mereury is up to the Top of the 
inner Cylinder, and ſcarce an Inch in the outer Shell, Fig. 8. 

In raifing the Piſton from forcing to ſucking, the firſt 14 Inch drives 
the Mercury out of the inner Shell, and raiſes it in the outer Shell 13,28 
Inches, 

Tun Depth of an Inch of Water in the middle Cylinder above the 
inner one or Plug, is equal to a Space in the outer Shell of 13,28 Inches, 
and + of an Inch is equal to the ſame Height in the inner Shell. 

THEREFORE when the Mercury is equally high in both Shells, a 
Motion of + of an Inch of the Barrel will charge for Suction. That is, 
upon letting down the Barrel only + of an Inch, the Preſſure of the At- | 
moſphere in the outer Shell will raiſe the Mercury in the inner one 
13,28 Inches, at the ſame time that it puſhes up the Water from the . 
Well 13 Feet and a half high into the ſucking Pipe. And when all the | 
Pipes are full, if the Mercury be equally high in both Shells, upon raiſing 
the Barrel one Inch, the Mercury will riſe 13,28 Inches in the outer | ö 
Shell, which I call charging for forcing ; becauſe in continuing to raiſe | 
theBarrel, the forcing Valve immediately riſes, andthe Water comes out 
at the Top during thereſt of the Stroke which is 12 Inches, and delivers | 
1,6 Gallon of Water, Wine-Meaſure. 

Fig. 10. repreſents the forcing Stroke half Way up; with the # 17 
Inches in the outer Shell, 4 Inches in the inner, and the whole Space at 
Bottom under the middle Cylinder 7 Inches. 

FRoM this it appears that in the whole Stroke of 13 Inches in the 
Length, there is only + of an Inch loſt to charge for Suction, and in the 
next Stroke, which is hkewiſe of 13 Inches, there is only one Inch loſt to 


0 charge for forcing; ſo that in a Motion of 26 Inches, there is but 14 
x Inch, or about 2 Part ineffectual. But this is owing to the too large 
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Lect. XII. Space of the outer Shell, which contains 4 times more than the inner one, 


— 
Plate 41 and 
42. 


becauſe the Cylinders were only: hammer'd, and not turn'd: for if the 
outer Space had been no bigger than the inner, then + of an Inch of the 
Stroke would have charg'd for forcing; ſo that only © an Inch in 26, or 
= Part of the whole Stroke would have been ineffectual: and in that 


Caſe + of the Quantity of Mercury, or a littic more than 12 Pounds, 
would have been ſufficient. | 


THERE may ſtill leſs Mercury be uſed if the middle Cylinder be made 


of Plate-Iron, turn'd on the Outſide, and bored within, the outer Cy. 
linder bored, and the inner one turn'd; fo that if the Work be well per- 
form'd, eight or ten Pounds of Mercury will be ſufficient in this Engine, 
tho' the Bore of the middle Cylinder, or Diameter of the Pillar of Water 
which is rais'd, be of 6,35 Inches. If the Bore of the ſaid Cylinder was 
but 8 Inches, leſs than 3 Pounds of Mercury would ſuffice, and leſs than 
6 if there were two Barrels, in order to keep a conſtant Stream thro' a 
Pipe of almoſt the ſame Diameter. This will very much leſſen the Ex- 
pence of Mercury, which would otherwiſe be an Objection againſt this 


Engine; and by making the inner and outer Cylinder of hard Wood, as 


Box or Lignum Vitæ, the Coſt of the Engine may till be reduced. But 
if the Engine be very large, caſt Iron bored will be proper for the outer 
Cylinder, and caſt Iron turn'd on the outer Side for the inner Cylinder or 
Plug, and hammer'd Iron bored and turn'd for the middle Cylinder. 

THERE'is an Objection, which ſeems at firſt to take off the intended 
Advantage of this Engine, which is this, vis. That inſtead of the Friction 
of the Leather of a Piſton, when we lift up one Barrel to force, the Re- 
ſiſtance that the Mercury finds to riſe in the outer Shell is at leaſt as 
great as the Fricton that we avoid. Now that Reſiſtance is never greater 
than the Weight of a concave Cylinder of Mercury, whoſe Height is the 
greateſt to which the Mercury riſes in the ſaid Shell, and the Baſe is 
the Area of the Shell itſelf. This Weight in our Engine is equal to 57,5 
Pounds, and therefore one would thinkit greater than the Reſiſtance made 
by the Friction of a Piſton. But if it be cenſidered, that in the Deſcent 
of the Barrel for ſucking, the Mercury ſhifts immediately into the inner 
Shell, riſing to the fame Height, and ſtill keeping the ſame Baſe; the 
aforeſaid Weight of 57,5 Pounds helps down the Barrel, and facilitates 
the overcoming of the Forceof the Atmoſphere; conſequently the Weight 
of the Mercury being balanced is no Hindrance, whether you work with 
a ſingle or a double Barrel. 

THERE remains only then the Hindrance by loſs of time, in the Begin- 
ning of any Stroke: But Ihave ſhewed that to be but Part of the Stroke. 


I have found that the beſt Engines now in uſe generally loſe near of 
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he Water that they ought to give, according to their Number of Strokes. Lect. XII. 
And Mr. Henry Beighton, an ingenious Member of this Society, having Kara oo. 

- agreat many times meaſured the Water that is raiſed by Engines in Mines, 42. ; | 
found that ſome Engines loſt , and none ever loſt leſs than of what 
they ought to give, according to the Number of the Strokes in their 
Pumps, whatever auxiliary Powers they were, mov'd with. | 

THERE is indeed another Objection, but ſcarce worth notice; which 
is, that ſome Particles of Mercury will mix with the Water that is raiſed, 
and make it unwholſome ; but no body that conſiders ſpecifick Gra- 
vity, will imagine any ſuch thing. However, to ſatisfy thoſe that might 
ill apprehend. it, it is to be obſerv'd, that none of the Water that is 
rais d comes near the Mercury: For in the Cylinder C, and Part of the 
Elbow B, (Fig. 5.) there is always above the Mercury a certain Quan- 
tity of Water that riſes and falls with the Barrel, and never goes into the 
forcing Pipe. The ſame happens alſo in the Machine of Fig. 6. for the 
Water having once run into 750 Cylinder C, all that is rais'd afterwards 
comes thro' the forcing Valve without coming down to the Mercury. 
. ProviDeD Care be taken to make the Barrel with its Plug tight, I 
don't ſee that this Machine will want repair in a long time, except ſome 
of the auxiliary Powers be out of Order, which do not relate to this In- 
vention. The Numbers given will ſerve to examine the Truth of what ai! | 
I have aſſerted concerning the Motion of the Mercury: And from them 14 

one may make Tables to ſerve to proportion theſe Engines for raiſing 7 
ande of Water to any Height according to the Power one has to U 
Apply. 1651 


SBScTTON XVIII. 7 


Plate 43. | $ 
F ROM this Account of the Quickſilver-Engine it is plain, that one Wt 
Man raiſes a Hogſhead of Water in a Minute 18 Feet high, (for one 
Hogſhead 27 Feet in a Minute and a half comes to the ſame ;) but when 
this was done, he exerted himſelf to ſhew the Excellency of the Engine; 
for he could not hold out at that rate a Quarter of an Hour. But when 
I made him work leiſurely, as he thought he might hold it ſix or eight 
Hours in a Day, he raiſed a Hogſhead but betwixt 10 and 11 Feet in a 
Minute. I defired Mr. Labehe to make Obſervations on Water pump'd 
out of his Caiſſonts, or Bridge-Machine, when his beſt and moſt ſimple 
plain Pumps were uſed: and the Reſult of many Obſervations of the 
Work of many or few Men, amounted to the raiſing an Hogſhead of 
Water, at moderate Work, ſcarcely 10 Feet high in a Minute. I alſo 
Vol. II. 88s found 


* 
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Le&. XII. found the ſame by Experiments on ſome particular Pump, and found em 
CY to come up juſt to the Height of 10 Feet; but ſomething under the 

9 80 chat 1 have ſettled this Maximum thus: 
Plate 2. A Mon with ibe beſt Water-Engine cannot raiſe above one Hogſhead 
| F Water in a Minute 10 Feet higb, to hold it all Day. But he can do 
almoſt twice as much for a Minute or two. n 8 8 | 

Wurx we come to examine the beſt Engines, and thoſe that are mot 
'cried up, as performing Wonders (that is, Men by them performing 
Wonders; for the patucular Make of an Engine makes it perform no- 
thing) if we look narrowly into them and meaſure the Water they de- 
liver, and at what Height they deliver it; or bring to Calculation the 
beſt-atteſted Relations concerning them, we ſhall find that they don't 
exceed this Maximum, tho they may far out- do ſome very bad Engine 

that they ate compared with. ſt 


Taz Reverend Father Caftel, a Jeſuit, has publiſh'd a florid Declama- 
tion in Praiſe of a new Hydraulick Engine with this Title, | 
Deſcription Critique d une Nouvelle Machine  Hydraultque, pour I Ele- 
vation des Eaux, de F Invention de M. Du Puy, Maitre des Requetes. 
Tur is, A Critical Deſcription of a new Hydraulick Machine for 
raiſing Water, invented by the late M. Da Puy, Maſter of the Requeſts. 
In this Paper, which contains 34 Pages in a ſmall Print 125, the good 
Father is arch, witty, and florid, quotes the Seriptare; and brings in Poetry 
and Philoſophy, and compares this Engine with two very bad ones, and 
cries it up beyond any Machine whatever, and ſays it acts upon a new 
Principle of Mechanicks. At laſt he ſays, all (indeed) that was neceſ- 
fary to be ſaid to give a Perſon of any Skill a true Idea of it, That 4 
Men in 20 Seconds by this Machine raiſe a Hogſhead of Water 25 Feet 
high. ; 85 
| 1 r we bring this to a Compariſon with the Qs it will 
appear that the Work of one of M. Du 'Puy's'Men is equivalent to the 
raiſing of a Hogſhead of Water 184 Feet high in one Minute, (which 
will be only 10 Feet when a Man works alf Day ;) and he that works 
the Quiekſilver-Engine, raiſes a Hogſhead but 18 Feet high inthe ſame 
time. This is a Proof that M. Du Puy's Engine comes up to the Mau- 
mum, or rather exceeds it, and therefore is a very good Engine; unleſs 
the good Father in his Zeal makes ſome little Miſtake ; becauſe in a Me- 
morial from the Widow, the Height is only made 20 Feet. But even 
then it will be a good Engine; which I will here deſcribe (from a Model 
that a Friend gave me) and ſhew its Excellencies and Errors; and where 
it is, and where it is not uſeful. | 
6 | SEC- 
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Plate 43. Fig. 1. 


N RMQK an RB Nis the Wooden Frame of the Engine, having Lect. XII. 
fixed to its Bottom N OP B a Box open on the under- ſide to ſet with www 
the Engine in the Water of any Pond or marſhy Ground to be drain d. 
In this Box are two Pair of Bellows O C, and PC, whoſe Noſes C where 
they join together are as wide as the other End. The top Board of the 
Box OP makes the top Board of both the Bellows, with two Holes and 
forcing Valves Va, Vz, to receive upon occaſion the Water coming from 
each of the Bellows, which Belloys take up their Water from the Place 
DD, where the Machine ſtands, thro' the ſucking Valves V1, V4, which 
are fix d to the under Boards of the ſaid Bellows, which are alternately 
puſh'd down into the Water till their Bellows are full, and then raiſed 
up to diſcharge their Water thro' the forcing Valves in the upper 
Boards into a large Pipe Vi, QTQVS; from whence the Water 
runs to the Place deſign d through the Trough # T X. This is done by 
the Force of 4 Men working, two at each End of the Leaver M 
moveable round the Center K; which Leavers draw up the lower Boards 
of the Bellows by the Bars MN, and mz B. On the right Hand you ſee 
how the Bellows Board is drawn' up from B to A, and forces its Water 
thro' the Valve V3, its Valve VA being ſhut: and on the left Hand the 
Bellows CV is depreſs d, filling itſelf with Water thro' the Valve VI; 
and then the Board C being drawn up from N towards O, the Water 
is forced out at V2 into the common Pipe, &c, Here all the Reſiſtance 
made is hardly any thing but the Weight of the Water rais d; for the 
Pipe being ſuppos d very wide, there is but little Friction againſt its Sides, 


| and what remains is only the bending of the Leather of the Bellows, 

: which being kept wet, folds very eaſily. The Pipe T Q V2 need not be 

\ very ſtrong, it being almoſt ſufficient for it to be able to hold when full 

. of Water; and therefore Tin is ſufficient for that which is ſhewn for 

N Trial at M. Du Puy's Houſe. | 

. Tae belt uſe of this Machine is on board a Ship, becauſe firſt a ſuf- 

l ficient one will take up but 3 ſquare Feet of Room. 2dly, It will lie 

+ ſo much below the Surface of the external Water, that the Men that 

* work it will be out of Cannon- ſhot: and if by great chance a Cannon- 

ol Ball ſhould break the Pipe V2 T, which carries up the Water into the w2 


bs Trough to be evacuated, it js eaſy to ſupply that Loſs by flipping on a 
eu Pipe at Va, V3, 4. But what is of the greateſt Conſequence is, that 
C- 88s 2 3 the 


1 


vdo  ARemnarks on M. Du Puy's ENGINE. 
Lect. XII. the Friction is fo little here, that half the number of Men will work it 
1 that work their uſual Ship-Pumps, and raiſe more Water. : 
Fig. 1. Tn1s Machine will be alſo of great Uſe to drain overflow'd Land: 
| ' marſhy Grounds, or convey Water from one Fiſh-pond to another. 
whoſe Situation is higher. But for drawing Water from a deep Mine, 
or forcing the Water into a high Ciſtern to ſupply a Town, it cannot 
do any great Service; but will ſoon be ſpoil'd. | 
WuHoEeveR reads with Attention what I ſaid in Lecture 7, from Page 
106 to 111, will find that this Machine is nothing but the hydroſtatical 
Paradox inverted; and that when we would by this means raiſe the 
Water high, we have a much greater Preſſure acting againſt us from the 
Water we would raiſe than barely its Weight. Whatever be the Bip. 
neſs of the aſcending Pipe, the Force to be overcome is equal to he 
Weight of a Column of Water, whoſe Baſe is the horizontal Section of 
the twoBellows multiplied into the Height to which we raiſe our Water. 
An eaſy Calculation will make this thing plain. Suppoſe the Bellows 
to be Miche ſquare, the Surface of both at the Bottom Boards will 
be four Feet and +, upon which the Height of a Foot of Water weighs 
281,2 Pounds, (62,5 being the Weight of a cubick Foot of Water;) and 
this Weight, or Preſſure which acts as Weight, at the Height of ten 
Feet, or by ufing the Pipe V 2 T (whatever be the Pipe's Diameter) 
will be increas'd to 281, 2 Pounds, to be lifted by the four Men; which 
we will allow them to be capable of lifting by the right Management of 
their Leavers, and making a ſhort Stroke. But if we would lift the 
Water higher, we muſt allow 281,2 Pounds for every additional Foot in 
our aſcending Pipe. For Example, if we add a Pipe 50 Feet high, in 
order to raiſe the Water 60 Feet, of three Inch Bore; the Weight of the 
Water in ſuch a Pipe fill'd up 50 Feet high weighs but 1 50 I; but the 
Preſſure or Weight acting on the lower Board of the Bellows would be 
equal to 14060 Ib: fo that the two Men on each Side would have 
7030 Ih. to lift, which would ſtop them at once. Or if they could get 
ſuch a Purchaſe as to do it, the immenſe Preſſure would in a few Strokes 
tear the Bellows all to-pieces. 
Turn needs no more to be faid upon this Subject: but only to 
take off the Blame from myſelf for revealing a Secret, of which M. Du 
Puy's Widow hopes to make a great Advantage. But I have reveald 
no Secret; for about 14 Years ago two Men here apply'd for a Patent 
for this very Engine, propoſing thereby to drain Mines. I think the 
Name of one of the Men was Skirret, the other I do not remember. 
All the Difference was, that their Bellows were fix'd upon a little Wag- 
gon; and they had a ſhort ſucking Pipe under; and the force — 
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went up from the two Bellows. I oppos d the taking out of this Pa- Lect. XII. 
tent, becauſe I thought it would be of great Hurt to the Undertakers, to. 
lay out near 80 Pounds for what would never bring them 80 Pence; | 


unleſs they made a Bubble of it, and drew unwary People into a Scheme 
to ſubſcribe Money. 


SS Gro XX. Plate 43. Fig. 2. 


T HE beſt Machine of this fort was a Pump invented by Meſſieurs Plate 43. 
Gofſet and de la Deuille, where the Piſton bas no Friction. About Fi = 
eight years ago it was much cry'd up beyond its real Merit, in the 
Frenchand EngliſhNews-papers. When Icame to Paris about fix Months 
after it was firſt ſet up; the late Monſieur du Faye, Intendant of the 
Royal Gardens at Paris, ſhew'd me the Experiment of it in the Garden - 
where it was. I told him what was my Maximum; and that it was a 

good Machine if it came up to it. Accordingly we meaſur d the Water, 

and found the Rate of its working to be juſt at the Rate of one Hogſhead 

rais'd ten Feet in a Minute, which the Men perform'd for a great while 
together, 


Tur Deſcription of this Piſton, (which is very curious) I give here 
tranſlated from Monſ. Belidor. ; 


Plate 43. Fig. 2 


A Pisrox without Friction invented by Meſſieurs Gaſſet and de la 
3 and ſuceſsfully made uſe of in the King of France's Garden at 

aris. 

THis Piſton may be made as big as you pleaſe, even to have 36 
Inches in Diameter, but I ſhall only give 15 to that which Iam going 
to deſcribe, this Bigneſs ſeeming moſt convenient for the Reaſons that 
will appear as we deſcribe this Piſton. As it is to act in a Pump dif- 
ferent from any I have yet deſcribd, I will ſhew in what jt con- 
fiſts. It is made of two Boards of Oak or Elm, 20 Inches Dia- 
meter, and five Inches thick: in the Middle of each of theſe Boards, you 
muſt cut hollow a cylindrick Cavity 15 Inches Diameter, and 2+ Inches 
deep, which forms two Boxes, which muſt be applied to one another with 
their Hollows together; their Profile taken diametrically is repreſented by 
each of the Rectangles AB CD and EF H G. 

Tur Piſton is made of a circular Board Y Z, an Inch thick, whoſe 
Diameter muſt be a little leſs than that of the Hollow TO QV, to fa- 
cilitate its Play: this Board is fix d to a great Circle of Leather, (or to 
5 ſeveral, when one is not ſtrong enough) in ſuch manner that the Lea- 
e ther may extend all round beyond it ſix or ſeven Inches; then you 
Ut mu 


Fo Pour iroented by Mefſ. Goffet and de la Deville, 
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muſt put the Board Y Z in the Bottom of the Box 8 T VX, and what 


exceeds of the Leather muſt be folded up all round the Edge E XG 


of the ſame Box. Then you put down the other Box upon the firſt, - 


ſo as to ſqueeze the Leather between; and that it may be prefs'd the 


more ſtrongly, ſo that the two Boxes may make but one: they are 


drawn together by means of ſeveral Iron Pins 17, 18, whoſe Ends are 


cut into Screws, to fit into Nuts; thus the Piſton makes a fort of a 


Purſe 3, 4, 5, 6, which turns Infide out every time the Bottom Y 2 
is drawn upwards. 

AT the Bottom of this Purſe there is an Hole L, cover'd with a Valve 
K, which when it is rais'd comes to lean againſt the Handle M WM, 
which Handle is faſten'd to the Rod N, that works the Piſton up and 
down ; for doing of which there is another Hole , 10, in the Bottom 
of the upper Box, which anſwers to the riſing Pipe 13, 14, in which 
the Rod N goes up. This Hole is made ſpreading downwards, that the 
moveable: Board may apply itſelf cloſe to the Top O Q when the Piſton 
riſes. In the lower Bottom of the Box there is another Hole 19, 20, 
which anſwers to the ſucking Pipe 15, 16, that ſtands in the Water to 
be rais'd; this Hole is cover'd with a Valve I as uſual. 

WHEN the Piſton riſes, the Water from the ſucking Pipe opens the 
Valve I, and paſſes into the Hollow that is made in an Height of four 
Inches, which is all the Play that the Piſton ought to have, not to 
weaken the Leather too much, which would not hold out long if it 
had too long a Stroke: whereas having at moſt but two Inches and {to 
riſe from 5 to X, it wears but little: when the Piſton comes down, 
the Valve I ſhuts again, the other K opens, and the Water which is be- 


| tween the Bottom TV, and the Leather 3, 4, 5, 6, goes thro the 


Hole L, and comes into the Space O PY Z Q, whence it is lifted into 
the riſing, or forcing Pipe : thus you ſee that the Piſton always moving 
between the Water above, and that below, has no Friction. I ſhall add, 
that when it is made of good Leather, it may be continually work d 
for three or four Months, without repairing, as Experience has ſhewn it 
in thoſe Pumps that Meſſieurs Ggſet and de la Deuille had made for 
draining the Mines in Brizany. 

Tux only Fault to be found with this Piſton, is, that of whatſoever 
Diameter the riſing Pipe 13 and 14 is, the Power is always loaded with 
the Weight of a Column of Water, whoſe Baſe is the Circle O Q. 
and Height the Elevation of the Reſervoir above the Spring; it is true, 
that one may increaſe the Diameter of that Pipe, and decreaſe that of 
the Piſton, that when they are equal, the Power may only raiſe its na- 
tural Weight, | 


IT 


os 
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one may make the Strokes more frequent; ſo that what may be loſt on 
one hand may be gain'd on the other, and as much Water be rais'd as 
if the Stroke was longer. 

As the Rod of the Piſton goes thro the riſing (or Force) Pipe, Wa- 
ter may not be rais d to a conſiderable Height by this Pump, yet the 
Rod of the Pump erected in the King's Garden, is at leaſt 25 Feet 
long; and if the ſame Length be given to the ſucking Pipe, one may 
however raiſe Water 50 Feet above its Spring, in a very plain and cheap 
Way. For if you make uſe of Wood, ſuch a Pump will coſt under ten 
Piſtoles; and that, upon many Occaſions, where a Pump of great Ex- 
pence would raiſe no more Water with the ſame Power. 


SECTION XXI. 


AVING often made theſe kind of Obſervations, and communi- 
cated with others that made them, I was reſolv'd to ſet one Man 
to work to raiſe Water, the molt in the leaſt time, by taking away 
Friction, which I did in the following manner. I made the Experi- 


ment by a Model; but 1 have ſince made an Experiment upon the 
Power, and know the Thing will anſwer, 


Plate 43. Fig. 3. 

ABCD is a little Room, in whoſe Floor at K and LM are two 
Openings, and out of the Side A (from K to A) is a Ciſtern to receive 
the Water rais'd, and convey. it to the Place where you want it. At K 
comes up a ſquare Bucket H G, ſuſpended by two Ropes a little above its 
Center of Gravity at V. At the Bottom of this Bucket is a large Valve, 
to let it fill itfelf when it comes down into a Well at W below Stairs. 
The Hook H of this Bucket (when the Bucket is drawn up by its Coun- 
terpoiſe I N N) catches in the Hook K, and empties itſelf wholly into 
the Ciſtern A. When it is empty it is heavier than its Counterpoiſe, 
which it brings up to its Place, whilſt itſelf goes down again thro the 
Floor PP, to fill itſelf in the Well W. The Counterpoiſe to this Bucket 
is a Trap-Door, which makes Part of the upper Floor at L M, but does 
not come thro it. This Trap-Door, which is here repreſented by NN 
near the lower Floor, has an Iron I, from whence a Rope is convey'd 
over a Roller or Pulley F, whence it is carried on to E, and fix d to 
ſome Part of the Circumference of the Wheel E made faſt to its Axle, 
which is at right Angles to the Direction of the Rope. At each End of 
the Axle there is x Wheel equal to the middle one, with a Rope going 

| own 


S8 
IT may perhaps be objected, that this Piſton having ſo ſhort a Stroke, Let. XII. : 
will give but a little Water every time; but that is not a Fault, fince = 
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Let. XIl. down from the Circumference of each of them to hold the Bucket at 


* 


Plate 43. 
Fig. 3. 


V; the Axis of this Axle being a Bar of Iron, whoſe Ends are Pivots of 
2 an Inch Diameter turning in Braſſes. When the Trap-Door is at L M, 
and the Bucket is in the Well W, a Man (whoſe Weight, together 
with the Trap-Door, is about + or + more than the Bucket, to have « 
ſufficient Velocity to bring up the Bucket) gets on upon the Trap-Door, 
and holds by its Iron, ſtanding up a little on one Side to give the Man 
room to be over the Center of Gravity of the Trap; then immediate 
the Trap (which has going thro' its Corners four ſmall Iron Guide-Rods 
like Lo) and Man go down, while the Rope from I, the Top of the 
ſtrong Iron, running over the Wheel F, turns the Axis at E by its mid. 
dle Wheel, while the two Wheels E wind up the Ropes which bring 
up the Bucket that empties itſelf into the Ciſtern A, which the Man 
below hears when he is come down to the Floor PP, and does not get 
off from N N his Trap-Door till the Bucket is quite empty. Then he 
gets off, and runs up Stairs as faſt as he can to the Floor A B, where he 
finds his Trap-Door (brought up in the mean time by the Deſcent of 
the Bucket) ready to receive him. He gets upon the Trap-Door, and 
goes down with it again, his Deſcent being his Time of Reſt; and 
makes his Work of his Return up Stairs. N. B. A Tavern-Drawer, 
being ea to run up and down. Stairs, is very good for this Work. 

N. B. The Figure on the right Hand ſhews this in another View. 

Tur Pulley-Wheels muſt be of about 15 Inches Diameter, to avoid 
Friction. N 

I TRIED an Experiment with a Man weighing 160 Pounds, whom 
I defir'd to go up and down 40 Steps of 6 + Inches each, (in all about 
22 Feet) at the ſame rate that he could go up and down Stairs all Day. 
He went up and down twice in a Minute. Therefore if the Bucket 
with a Quarter of a Hogſhead in it weighs 140 Pounds, he is able to 
raiſe it up 22 Feet high twice in a Minute; conſequently half a Hogſ- 
head 22 Feet once in a Minute; and therefore a whole Hogſhead 11 
Feet in a Minute A little more than my Maximum by the Quick- 
filver Engine. But in reality the Height was but 10, 5 Feet, becaufe 
there were but 39 Steps, which I firſt call'd 40, to avoid Fractions. 


SECTION XXII, 


| HEN different Phænomena, examin'd differently, come at laſt 
8 to agree in the Concluſion, it is a Sign that we have diſcover'd the 
Truth. 

A PLAIN Inſtance of it will be given here, by examining what a Man 


can lift continuallly of dry Weights, with what we have been — 
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Mr. Newſham's FIR E- ENGINE. 


that he can lift of Water, when the Water-Engines are fo good and Lect. XII. 
fimple that there are but very few Parts to cauſe any Friction: and we = "VS 


ſhall find the two Maximum to agree. | | 
Lyr there be a Winch or Windlafs, whoſe Handle is 14 Inches long, 
and that the Barrel or wooden Axle be fo fo ſwell'd up with Pieces put 
on, as to make the Circumference of it equal to the Circle deſcrib'd by 
the End of the, Handle where the Man applies his Hand. If a cer- 
tain Weight, for Example 30 Ib. be fix'd by a Rope to this new Cir- 
cumference of Barrel, the Man's Hand moves with the ſame Velocity as 
the Weight. Now it is found by Experience, that a Man cannot long 
work if he has 30 lb. to raiſe ; but will for ſix or eight Hours very well 
raiſe 25 Pounds. Let us examine this further. 9 
Side the Handle is fourteen Inches long, the Man deſcribes a Circle 
whoſe Diameter is 28 Inches, and therefore its Circumference is 88 Inches. 
This Handle is turn'd round zo times in a Minute, (or once in two Se- 
conds.) Thirty times 88 is = 2640 Inches equal to 220, the Length 
gone by the 30 Pounds in a Minute. 
Then half the Length (110 Feet) will be gone thro' with 60 1h. in 1“ 
A quarter of that Length (55 Feet) will be gone thro' with 12016. in 1. 
An eighth of that Length (27, 5 Feet) will be gone thro with 240th. in 1. 
5 or (13,75 Feet) will be gone thro' with 48o1b. in 1”. | 
Bur by this Analogy, 10: 480: : 13,77 : 660 
660 Pounds (a little more than one Hogſhead) will come up 10 Feet in 
a Minute: when a Man is ſuppos'd to raiſe 30 Pounds. 


Bur as 30: is to 25 :: ſo will 660th. be to 550th. about the Weight 
of one Hogſhead. 


Tun late Mr. Richard Newſham's Engine for putting out Fires is 
the laſt I ſhall entertain my Reader with. I had the Draughts and De- 
ſcription from Mr. de Labelye. 

Notwithſtanding its Merit, it does not come up to my Maximum fer 
Quantity of Water ; but it ought not to do it, as I ſhall ſhew in the Notes *. 


A Deſcription of the Iate Mr. Richard Newſham's Engines to put out 
accidental Fires. 


Iruixx I cannot conclude this Chapter of Machines better than by 
giving the Deſcription of an Engine for quenching Fires, as they are 
now made in a very ſtrong, well-contriv'd, and Workman-hike manner, 
by Mr. Richard Newfham, Engine-maker, living in Clotb-Fair near 
Smit held, London. 1 

Ver. I. Ttt TAE. 
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Lect. XII. Tus following Deſcription contained in the Explication of the ſol. 


Plate 44. 
Fig. 1. 


v 


lowing 11 Figures was drawn up, the perſpective View, and all the 


chief Parts of the Engine carefully meaſur d, and laid down from prop 


Scales, at my Defire, by Mr. Charles Labelye, formerly my Diſciple 


and my Aſſiſtant, and fince that Time appointed Engineer of the 
Works of Meſtminſter-Bridge by the Right Honourable, Sc. the Com- 
miſſioners appointed by Act of Parliament for building the ſaid Bridge. 


Fg. 1. repreſents a perſpective View of the whole Engine ready for 


working, as it appears to an Eye ſeven Feet high above the Ground, 
and at fix Feet Diſtance from the neareſt Corner of the Engine thro a 


vertical tranſparent Plane, that ſhould be plac d cloſe to the faid Engine, 


and ſuppos'd equally inclin'd (vg. at an Angle of 45 deg.) to the right 
Side, and to the hind Part of it. 

I T appears at firſt View, (and ſtill more plainly, if this firſt Figure is 
compared with Figure 2. which repreſents a Plan of the Engine) that 
it conſiſts of a Ciſtern about three times as long as it is broad: This 
Ciſtern, which is to contain Water, is made of old well-ſeaſon'd Engliſh 
Oaken Planks near two Inches in Thickneſs, ſtrongly faſtened and 
framed together, and its Joints lined with Sheet Copper, and eaſily 
moveable, by means of a Pole and croſs Bar, (which appears in this 
View drawn out, at the furtheſt End, which is the fore Part of the En- 
gine) and of four ſolid Wheels, which ſhall be more fully deſcrib'd here- 
after. Upon the Ground next to the hind Part of the Engine may be 
ſecn a Leathern Pipe of about-two Inches Diameter, the End of which 
may be ſcrew'd on and off upon occaſion, at the lower End of the Ciſ- 
tern, to a Braſs Cock, which ſhall be deſcrib'd at large. The Uſe of 
this Pipe is, that when Water is to be had near the Place where the 
Engine is to work, ſuch as a Pond, a Kennel, or a Fire-Plug, the lower 
End of this Leathern Pipe being immers'd in the Water, it becomes a 
Sucking-Pipe, which furniſhes the Pumps of the Engine by its working, 
without any Neceſſity of pouring Water into the Ciſtern. 

Over the upper End of this Pipe may be ſeen a wooden Trough 
faſten'd to the hind Part of the Ciſtern, with a Copper Grate that keeps 
Stones, Sand, and Dirt out, but lets into the Ciſtern the Water that 1s 
brought for the uſe of the Engine, when the Sucking-Pipe'cannot be 
uſed. The fore Part of the Ciſtern is alſo ſeparated from the reſt of its 
Cavity by another Copper Grate, as may beſt be ſeen in Figure 2. and 
ſerves as another Trough, in which, as well as in the laſt-mention'd 
Trough, the People who ſupply the Engine with Water, can pour it, 
without any Hindrance to thoſe who work the Engine at the long Sides, 


by moving the Handles which work the Pumps up and down, in = 
| | or 


Mr. Newſham's FIRE-ENOINE. 5807 
Work they are greatly aſſiſted by three or four People, who at that Lect. XII. 
time get up upon the Engine, and ſtanding upon two ſuſpended Treu 
dles throw their Weight alternately upon each of theſe Treddles, keeping 
themſelves ſteady by laying their Hands, or taking hold of two round ho- 
rizontal Rails, that are framed for that Purpoſe into four vertical Stands 
made of two Inch Planks, which reach to the Bottom of the Ciſtern, 
and are well faſten d to its Sides, as plainly appears in this perſpective 
View. . | 
Crose to the hind Trough may be ſeen an Iron Handle or Key, 
which ſerves to open and ſhut a Cock placed under it, on the Bottom of 
the Ciſtern, The Uſe and Contrivance of this Cock ſhall be deſcribed 
hereafter. Next to this Cock, and right under the Point of Sight 
of this perſpective Draught, may be ſeen a fort of an inverted pyramidal 
Box or Caſe; the Uſe of which; in the firſt Place, is to preſerve the two 
Pumps and the Air-vefſel from Duſt or Dirt, when the Engine is laid 
by, which if left open, would thereby ſoon be out of order; it ſerves 
alſo to ſupport a wooden Frame near two Feet ſquare, on which ſtands 
a Man, who by turning the Spout, and raiſing or depreſſing it, directs | 
the Stream toward the Places where it appears to be moſt wanted. 1 
This Spout is made of two Pieces of Braſs Pipe, each of them having an 
Elbow, as may be ſeen in this Figure. The lower of the two is ſcrew'd' 
over the Neck, or upper End of the Pipe that goes thro' the Air-Veſſel, 
and the upper Part of this Spout ſcrews on to the lower by a Screw of 
2 a pretty many Threads, ſo truly turn'd as to be Water-tight, without 
| any help, in every Situation, 
ON the hindmoſt Side of this Encloſure may be obſerv'd a little Flap 
; or Door, which opens by raiſing it round the two Braſs Hinges at Top; 
when lifted, it diſcovers a Leaf of tranſparent Horn that covers a printed 
Paper, which Mr. Neuſbam generally annexes to each of his Engines, 
z containing proper Directions how to uſe and keep them in good 
Order. This Leaf of Horn is very prudently ſubſtituted for a Pane of 
Glaſs, which would be in great Danger of breaking by the ſhaking of 
the Engine, when it is drawn upon paved Stones, or rough uneven 
Ground, | 
BeninD this truncated pyramidal Encloſure may be obſery'd a 
ſtrong Iron Bar lying in an horizontal Poſition over the Middle of the 
Ciſtern : This Bar plays in Braſſes properly faſten'd and ſupported by 
two wooden Stands, one only of which is to be ſeen in this Perſpective 
View, placed between the two Stands of the upper Rails: The other 
Stand, on which it is ſupported, is hid in the Encloſure over the hind 
Part, Upon proper Squares of this Bar are fitted (one near each End)- 
L two 
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two ſtrong croſs Bars, which embrace or take hold of the long wooden 
cylindrical Handles, to which the Men employ'd to work the Engine 
apply their Strength very advantageouſly, their Stroke not reachi 
higher than their Neck, nor lower than their Thighs, (as it ought to be 
in that Way of working) and in which they are greatly aſſiſted, as was. 
ſaid! before, by the Men who work the Treddles. 

THzse Treddles are ſuſpended at each End by Chains made like a 
Watch-Chain, every Link about two Inches long, and of a ſufficient 
Strength and Thickneſs; theſe. Treddles receive their Motion jointly with 
the Handles that are of the ſame Side, by means of two circular Sectors 
of Iron faſten'd together, and fix'd upon proper Squares of the middle 
horizontal Bar: the two fore ones may be plainly ſeen in this perſpective 
Draught; but the two hind ones are hid by the Encloſure already men- 
tion d. Theſe hind Pair of Sectors are the ſame in Size and Figure as the 
two fore ones, excepting as to their Thickneſs, for the fore ones are made 
to carry only one Chain each, one End of which is faſten'd to their u 
Part, and the lower End is faſten'd to the 'Treddles; but the Sole of the 
two hind. Sectors are made wide enough to carry two Chains each; one 
Set is faſten'd as the fore ones for the Motion of the Treddles, but the 
other two Chains are faſten'd by their lower Ends to the lower Part of 
theſe Sectors, and by their upper Ends to the Top of the Piſton Bars, 
to give them Motion, which is repreſented at large in Fig. 6. 

As Jam going to deſcribe the principal Parts at large, it is ſufficient 
to add to the general Deſcription of this Engine, and the Explication of 
this perſpective View of it in Fig. 1. that the Pole and croſs Piece, 
which is ſeen in the fore Part, and fartheſt from the Eye, are ſo con- 
triv'd as to ſlide back under the Cover of the Ciſtern, when the Engine 
is brought where it is to work, and to remain there out of the Way of the 
People that bring Water to the fore Part of the Engine, (the whole En- 
gine being made to ſtand in a very narrow Compaſs) and yet is ready 
to be drawn out as it is repreſented, whenever there is occaſion to move 
the Engine. | 

Fig. 2. repreſents the Plan of the faid Engine, or rather an horizon- 
tal Section of it taking juſt above the Bottom of the Ciſtern. But 
before I proceed further, it is proper to obſerve, that to avoid the inſerting 
every Where the Dimenſions of the Parts, (in order to give a true Idea 
of them) the Figures 2d, zd, 4th and 5th, are carefully laid down 
from the leſſer of the two Scales; and the reſt of the Figures, vis. 6th, 
7th, 8th, gth, roth, and 11th, are as carefully laid down from the 
larger Scale, the better to ſhew them from, and to enable the Readers 
to meaſure any of the Parts. | T 
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To proceed now, the Letter A (ſee Fig. 2.) ſhews the fore Part of Lect. XII. 
the Ciſtern, which is ſeparated, to ſerve as a Trough, from the reſt of .= 
its Cavity, by a Copper Gate repreſented by ſhort vertical Strokes. le 46. 
B is placed behind the hind Part of the Ciſtern, and is in the Middle 
of the hind Trough. | ; 
C, D, E, F, ſhaded with horizontal Strokes, repreſent the lower 
Plan or Section of the four Stands which ſupport the Hand-Rails. 
G Hand IK, ſhaded alſo with horizontal Strokes, repreſent ſo much 
of the two Axle-Trees as can be ſeen from above; the hind one I K is 
faſten'd acroſs under the Bottom of the Ciſtern, but the fore Axle- 
Tree G H is put on a ſtrong Pin or Bolt N, ſtrongly faſten'd in an 
horizontal Situation in the Middle of the Front of the Bottom 
of the Ciſtern, by which good Contrivance the two fore Wheels and 
their Axle- Tree have (when neceſſary) a circular Motion round the | 
Bolt N ; which affords this great Conveniency to the Engine, that it | | 
; 


ſtands as firm and ſteady on rough, uneven, or even ſloping Ground, as 
if it was level. | 

Land M, ſhaded with vertical Strokes, repreſent the Section or lower 
Plan of the two Stands, on which the middle Bar plays in Braſſes; theſe 
two Stands (for greater Steadineſs) are ſtrongly faſten d at their Tops by 
Iron Bars that go thro' the two Stands, (already deſcribed) between 
which each of theſe is placed, as may be ſeen in the perſpeQive View, 
Fig. 1. | 

©, P, Q, ſhaded with horizontal Strokes, repreſent the Plan and the 
Shape of a ſtrong Piece of caſt Braſs, (or rather hard Metal) about three 
Inches thick, ſo work'd as to have a Hollow of about two Inches ſquare, 
near one End of which is adapted the Cock Q. At ſome Diſtance from 
this Cock the Hollow branches itſelf into two, as may be ſeen by the 
faint Lines in this Figure, and opens on the upper Surface of this Piece 
juſt under the Places where the Valves of the Pumps are put. This E | 
Piece of Metal lies flat upon the Bottom of the Ciſtern, to which it is [IF 
ſtrongly fixed in the Situation repreſented by this Figure. It may be 
call d the Sucking-Piece, thro which Water is convey'd to the Pumps my 
by the Preſſure of the Atmoſphere, either from the Ciſtern itſelf when 
the Cock Q is turned in a certain Situation, or from any Water at a 
Diſtance by means of a Leathern Pipe, (which ſcrews on to the Sucking- 
Piece at B under the hind Trough) when the Cock is turned in another 
certain Situation. All that remains to be explain'd in this Figure is, 
that between P, O, and Q there is a Circle of Dotts which repreſents 
the middle Section, and the Situation of an Air-Veſlel, of which I ſhall 
peak preſently, and to obſerve that the Top of this Ciſtern isſtrengthen'd 
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according to the Size of the Engine; there are three repreſented in this 
gure, one between C and D, another on which is the Letter M, and 
a third between theſe two. P31 
Fig. 3. repreſents the upper Plan, and the Shape of another Piece 
of caſt Braſs or hard Metal, about 3 Inches thick, having two Hollows 
marked in faint Lines, near two Inches ſquare, which open two Commu. 
nications from the Holes O and P, to twoother Holes in the upper Sur- 
face at R and 8, over which is placed the Air-Veſlel. 

Wuen the Engine is together, this Piece, which may properly enough 
be called the Communication-Piece, is placed exactly over the Sucking. 
Piece O P Q, to which it is ſtrongly faſtened by ſeveral Screws, in ſuch 
manner that the Parts marked with the ſame Letters O and P in this and 
the 2d Figure, are exactly one over the other; and the Holes mark d R 
and S in this 3d Figure, are exactly over the Diameter of the Circle of 
Dotts in Fig. 3. Between the Sucking-Piece, repreſented in Fig. 2. and 
the Communication-Piece, repreſentedin this 3d Fig. are placed two Plates 
of Ox-Leather, in order to make the two Pieces Water- tight; and theſe 
two Plates of Leather are ſo contrived as to form the two Sucking-Valves 
over the Holes O and P, as ſhall be explained hereafter. 

Fig. 4. repreſents the Shape of the Braſs-Flanch to which the Air- 
Veſſel is ſoldered ; when the Engine is together, the Holes R and 8 
of this Flanch are exactly over the Holes R and S in the Communica- 
tion-Piece, repreſented in the 3d Figure; to which it is alſo ſtrongly 
faſtened with ſeveral Screws. Between the laſt- mentioned communicating 
Piece and this Flanch of the Air-Veſſel are placed two other Plates of 
Ox-Leather, which form the 2 Valves of the Air-Veſlels, as ſhall be bet- 
ter ſhewn when I come to explain the Sections of this Engine. 

Fig. 5th repreſents the Elevation and outward Shape of a large Cop- 
per Air-Veſſel, which receives the Water forced into it by the Action 
of 2 Pumps, thro' the 2 Holes in its lower Flanch; the Letter T ſhews 
the Top of a Copper-Pipe within the Air. V effel, and ſoldered to its up- 
per Neck, which reaches within a few Inches of the Bottom. When 
the Engine works, the Water is forced in a conſtant Stream; and almoſt 
uniform asto its Velocity, thro' this Pipe and the Spout or Leather-Pipe 
which is ſcrewed to it at T, by the Action of the Forces in the 2 Bar- 
rels and the Re- action of the Air contained in the Air- Veſſel; which Air- 
Veſſel being very large in theſe Engines, renders the Stream much more 
uniform than in thoſe that have either ſmall Air- Veſſels only, or none at 
all; which Sort of Engines throwing the Water by Spirts, are commonly, 
and not improperly called Squirting Engines: however, in ſomecaſes, — 

ave 
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have their Uſe, on account of their Stream (tho interrupted) being Lect. XII. 
much ſmarter than when the Engine is made to throw the Water in a Nac 
conſtant Stream. . t hs 455 28 
Fig. 6. repreſents the two hind Iron Sectors laid down from a larger 
Scale, and all their Apparatus, as they would appear to a Perſon 
ſtanding between the two Fore-Wheels, and looking from thence at the 
hind-part of the Engine. The Square over the Letter A, repreſents the 
Section of the middle Bar, on which, right over the two Barrels, are placed 
the two Sectors BCA and DEA forged together. 
FGHK, and its oppoſite Fg E, repreſent the Figure of the two 
Piſton-Rods. The Openings between the Letters GH and g , are the 
Places thro' which paſs the hind Parts of the two Treddles. | 
Land M repreſent two ſtrong Iron Studs, riveted on the other Side 
of the Bars on which they are placed: To each of theſe Studs is faſt- 
ened a Chain likea Watch-Chain, the upper Ends of which are faſtened 
to the upper Extremities D and B of the Iron Sectors, by which they 
are drawn up and down alternately. Theſe Sectors give alſo an alternate 
Motion up and down to the Piſton-Rods, by means of two other Chains 
(left white in this Figure for Diſtinction- ſake ;) the lower Ends of theſe 
two Chains are faſtened to the lower Extremities of the Sectors E and e, 
and their laſt Links at their upper Ends are made like a Piece of a ſquare 
Bar of Iron about 2 or 3 Inches long, each ending in a Male-Screw, 
which goes thro' the upper Ends of the Piſton-Rods (made crooked on - 
purpoſe,) and the whole made tight by the 2 Nuts at F and f. It muſt 6 
be carefully obſerved, that the Shape of the Piſton-Rods and the Size and 14 
Situation of the Chains whence they receive their Motion, is ſo well con- 6 | 
| 
| 
| 
| 
| 
| 
| 


ſidered, that the Axis or middle vertical Line of the Piſtons is exactly in 
the Middle of the Breadth of the perpendicular Part of the Chains, and 
of the upper Part of the Piſton-Rods taken together. 

PQ repreſents one of the two croſs Bars, thro' the Ends of which 
go the long Handles to which the Men apply their Hands when they 
work the Engine; theſe Croſs-Bars are alſo fitted on the middle Bar (whoſe 
Section is mark'd over-the Letter A) but at ſome Diſtance from the Sec- 
tors, as will beſt appear in the Sections. The Sectors placed on the fore- 
end of the middle Bar, are of the ſame Size and Shape as theſe, but not 
lo thick, becauſe they carry only one Set of Chains to give Motion to 
the other End of the Treddles. 

Fig. 7. repreſents a vertical Section taken thro' the middle Line 7 
of the hind- part of the Engine, as alſo the Section of the Air-Veſſel, and | 
that of one of the Barrels, as alſo the Profiles of the hind Sectors, and of | 
ſeveral other Parts. AR 
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Le&. XII. AB is the Section of the Bottom of the Ciſtern, under which at c 
dee d may be ſeen the Section of the hindmoſt Axle-Tree faſten' d under that 

ade 44 and Bottom. | | | 
oy DE is the ** Section of the Sucking-Piece, whoſe Plan is repre- 

ſented from a · leſſer Scale, in Fig. 2. The hallow Part left white, reaches 
from the Opening D thro' the Cock W, and afterwards divides itſelf, as 
may be ſeen in Fig. 2. ſo as to open under the two Barrels; one only of 
which is repreſented in this Section, the other being exactly behind this. 

F G repreſents the vertical Section of the Communication-Piece, 
whoſe Plan is alſo repreſented from a leſſer Scale, in Fig. 3. There are two 
Hollows in this Piece, which conveys the Water from under the two Piſ- 
tons to the two Openings of the Flanch of the Air-Veſſel; but only one 
of theſe Hollows can be repreſented in this Section, the other lying exactly 
beyond this, tho" not in a parallel Direction, as may be ſeen in Fig. 3. 
Between the Section of the Sucking- Piece D E, and that of the Commu- 
nication- Piece F G, may be obſerved the Section of one of the Plates of 
Leather, which makes all tight, and forms one of the two Sucking- Valves, 
of which there is another juſt behind this under the other Barrel. 

RS T is the Section of the Air-Veſſel, and T U is the Section of the 
Conduit-Pipe ; this Veſſel is ſcrew'd on the hind- part of the Commu- 
nication-Piece, and is alſo faſtened at Top by a Collar of Iron, and ſcrews 
to a croſs Piece of Timber not repreſented in this Section. Between the 
Flanch of the Air-Veſſel and the Communication- Piece may alſo be ob- 
ſerved the Section of one of the Plates of Leather which makes all tight, 
and forms one of the two Forcing- Valves, of which there is another juſt 
behind this, juſt over the other Opening of the Communication-Piec 

F into the Air-Veſſel. | | 
Y HI is the Section of one of the Barrels of the two Pumps, which are 
| both ſucking and forcing, as is evident from the Poſition of the Valves, 
| and the Structure of its Piſtons; each of which is compoſed of two Iron 
Plates, of two wooden Trenchers, and of two flat Pieces of Leather turn- 
ing one up and-the other down. One of the Methods of entering this 
Piſton into its Barrel may be as follows: Firſt put on the lower End of 
the Piſton-Rod the upper oneof the Iron-Plates cloſe to a Shoulder forged 
there on Purpoſe, as may be ſeen in Fig. 6. Then put on the upper 
wooden Trencher, cloſe to the Iron Plate; and next to that, put on the 
upper Piece of Leather broad enough all round to turn up, as in the Fi- 
gure ; then enter the Piſton-Bar (thus far equipt) into the upper End of 
the Barrel to which it belongs, and force it down ſo far thro! it, as to be 
able to put on at the other End of the open Barrel the lower Piece of 


Leather entirely ſimilar to the upper one, cloſe to that upper one; my 
| c 
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thelower wooden Trencher cloſe to the lower Piece of Leather, andcloſe Lect. XII. 
to the lower wooden Trencher, put on the lower Iron Plate, and the x 


ſecure the whole by means of an Iron Nut which ſerews on the lower 
End of the Piſton-Bar, as may be ſeen in Fig. 6. After which the Piſton- 
Rod being drawn up, ſo as the whole Piſton be within the cylindrical 
Cavity of the Barrel, the lower Plate of Leather will be forced to bend 
downward all round, and the upper one to bend upwards all round; and 
then the Barrels being ſcrew'd in their Places, will be in a working 
Order. | | | 

LK repreſents one of the Piſton-Rods edgewiſe, as it muſt appear 


in this Section; behind which is one of the Chains (which except the 


Top Screw K cannot be ſeen in this Figure;) this Chain is the ſame as 
one of thoſe left white, in Fig. 6. mark d fg bK. | 

M repreſents the End of the middle Bar, which communicates from 
this hind-part to the fore Sectors; it plays on Braſſes; the Section 
of the one of which is repreſented in this Fig. ſhaded with vertical 
Strokes between the Letter M and the Letter N; which Letter N repre- 
ſents the Section of the hindmoſt of the two middle Stands, which ſup- 
port the middle Bar, l 

O repreſents the End of the Profile of one of the Treddles, going 
thro' the Piſton-Rods in rectangular Holes, to be ſeen in Fig. 6. The 
Weight of the People that ſtand on theſe Treddles when the Engine 
works, brings them and the Piſton-Rods down alternately, and they are 
raiſed up again by =P of the other Set of Chains, one of which may be 
ſeen edgewiſe in this Figure, placed on the So/e of one of the Sectors, 
and faſten'd by its lower Extremity to a ſtrong Iron Stud, already de- 
ſcribed in explaining Fig. 6. whoſe Profile may alſo be ſeen in this Figure 
juſt above the Profile of the 'Treddle. 

PQis part of one of the Croſs-Bars (which carry the Handles) ſeen 
edgewiſe, which ſhew how they are faſtened on the middle Bar. . 

XY repreſents an Iron Handle, by the help of which the Cock W 
may be placed in the ſeveral Situations which are neceſſary for the Ser- 
vice of the Engine, as I ſhall explain preſently after. 

Loſily, RouxD the Letter Z may be ſeen the Section of the Hind- 
Troughs, in which Water being poured, it enters the Cavity of the 
Ciſtern (leaving Sand, Dirt, and Stones in the Trough) thro' a Copper- 
Grate, the Section of which is repreſerited in this Figure ſhaded with 
horizontal Strokes. | | Is 

Fig. 8. REPRESENTS the Plan of one of the Valves, for Example, one 
of thoſe which are placed under the Flanch of the Air-Veſſel; it is made 
(as was ſaid before) of a Plate of Leather cut out, as is repreſented in this 

Vor. II. Uuu Figure 
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Lect. XII. Figure ſhaded with horizontal Strokes, the Flexibility of the Leather 
— (cſpecially when wetted) in that Part of the inner Circle of the Valve 
by which the Flap of it joins thereſt of the Leather, affords a very cheap, 
Plate 44 &45. proper, and ſufficient Hinge for the Motion of the Valve up and down, 
Tn Top of the Flap of this Valve is loaded (in order to make it ſhut 
| the cloſer) with a Lump of caſt Iron, or Lead, having a Tail or Trat 
| projecting from its under Surface, which is let thro' the Flap of the Valve, 
| and croſs-pinned under it; the upper Surface of this Lump is ſeen in this 
| Figure, ſhaded with vertical Strokes; and the Section of the ſaid Lump, 
$ with that of its Tail or Teat, and Croſs-Pin, may be ſeen in Fig. 7, 
| Whereupon it is to be obſerved, that in Fig. 7. both the Valves have been 
| repreſented open (the better to ſhew their Shape and Situation) tho' they 
| | are never both open; for when the Engine is not at work, they are both 
| | ſhut down by the Weight of the Lumps on their Tops; and whenthe En- 
| gine works, there are always two of them ſhut, and the other two open 
| alternately, by the Motion of the Piſtons and the Action of the Atmo- 
ſphere, with the Re- action of the Air confin'd in the Air-Veſſel. 

THe 9th, 10th, and 1 ith Figures repreſent the Section of the ſame Cock 
W, (which has three Holes in it left white or unſhaded in theſe Figures) 
in the three different Situations which I am going to explain. Fig. 9. 
repreſents the horizontal Section of the Cock, when the Handle is as in 
the Situation repreſented in Fig. 7. or in the perſpective Draught, Fig. 1, 
that is, when this Handle lies in a DireCtion parallel to the Piece DE or 
to the middle Bar, the Handle is ſo placed when there is Water near 
at hand to work the Engine by help of the ſucking Leather-Pipe, re- 
preſented in the firſt Figure; in which Caſe it plainly appears, that the 
Water entering at D proceeds (directly thro' the Cock W) in a ſtreight 
Line to the Valve under the two Piſtons; and in this Poſition, there 
is no Communication from the Barrels with the Cavity of the Ciſtern. 

Fig. 10 REPRESENTS the horizontal Section of the ſame Cock W, 
when the Handle (X Y in Fig. 7.) is turned one Quarter of a Revolution 
towards the Eye from the laſt mentioned Situation, in which Caſe there 
is no Communication from the Barrels with the outer Extremity of the 
ſucking Piece, but the Water that is poured in the fore and hind Trough 
(when none is to be had without fetching it from farther than the Lea- 
ther ſucking Pipe will reach) paſling from thence in the Cavity of the 
Ciſtern, enters the Cock ſidewiſe at W, in this Figure, and turning at 
Right Angles thro' the Cock towards E, proceeds to the Barrels of the 
Pumps. 

Tas 11th Fig. repreſents the horizontal Section of the ſame Cock W,. 


when the Handle is placed in a Situation diametrically oppoſite to ” 
0 


% 
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of which I have been laſt (peaking. In this Situation of the Cock, there is Lect. XII. 


no Communication from the under- ſide of the Barrels, with the Cavity of 
the Ciſtern or the outward End of the ſucking Piece ; but this Situation 
affords a Communication from the Cavity of the Ciſtern with the Out- 
fide of the Engine : the Cock is commonly placed in this Situation when 
the Engine has done working, to employ the Water left in the Cavity of 
the Ciſtern. 


BeroRE I conclude the Deſcription of this uſeful Engine, I muſt ob- 
ſerve that there are 5 or 6 Sorts or Sizes of them, and that even the 
largeſt of them (all ready for working) can paſs thro' a Door or Paſſage 
ſomething leſs than 3 Feet wide, which is a Conveniency and Advan- 
tage peculiar to it, which is very well worth obſerving ; and that having 
examined the Conſtruction and Operations of the ſeveral Parts of many 
of theſe Engines, it is my humble Opinion that nothing can be altered in 
them for the better.——The Engine here deſcribed is one of the ſecond 
Size, or of that Size next to the largeſt. But to ſhew a Compariſon 
of them all, here follows a Table which is taken from Mr. Newſham's 


(the Maker's) printed Papers, given away to his Friends, 


How many Men may be applied to each Engine, and leave ſufficient 
Room to pour in Water : Which is a Convemence of great Advantage ; 


tho' any Number can work them to more Purpoſe, than they are able 
70 work any other Sort. | 


The firſt Size 8 46. 18 
2d. 14 99 
3d. 16 65. 24 
1 Garden Engine 2 
2d Garden Engine 4 6 


Hand Engine 1, but is of a different Make. 


Uuu2 


Ho 
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Le. XII. How much Water the How many Gallons diſ-jJAt what Number of 


Gym 8 Ciſterns hold in Gal-| charged per Minute. Yards diſtant. 


lons: Wine-Meaſure. 
Iſt, 50 4th, 146] I/, 70 4th, 188 ift, 37 4th, 48 
2d, 100 5th, 176] 24, 100 5th, 170 2d, 40 tb, 50 
34, 120 6th, 196] 34, 120 Geb, 200 34, 45 6th, 52 
Garden Engine 20|1ft Garden Engine 30|1f Garden Engine 2; 
2d Garden Engine 300d Garden Engine 50[2d Garden Engine 33 


The Hand Engine 12 The Hand Engine 25 The Hand Engine 15 


An Account of Ten Conveniencies peculiar fo Mr. N Ews#aAm's 
Engines. 


I. His Engines, by a new Contrivance in the fore Axles, will ſtand 
upon any uneven Ground without rocking, even when the full Number 
of Men are at work in Extremity. | 

II. Turi Carriage-Wheels are never to be bolted, and yet the En- 
gine ſtands firm, without moving backwards and forwards whilſt it is 
playing a continued Stream of Water at Fires. 

III. Trey are fixed to Crank Axles ; by which Improvement the En- 


gine runs upon larger Wheels, without raiſing the Ciſtern above the Power 
of the Men who work it, and is leſs liable to be overturned, in running 


along the Streets. 

IV. Turest Engines are ſo contrived, that the largeſt may be inſtantly 
turned about any Way, in the Compaſs it ſtands in, by one Man, tho 
half full of Water. : 

V. Tus largeſt will ſtand on a Space of one Yard in Breadth, and in 
compleat working Order, ſo-that Carts may paſs and repaſs : But another 
Kind of large Engine that is wrought at the Ends of the Ciſtern when 
fix'd for working (without any Men) takes up nine or ten Feet ſquare: 
So conſequently leaves no Room in narrow Streets for Carts to carry off 
Goods in Danger. © 

VI. H1s Engines are provided with his new-invented Cock, which, 


with a Quarter Turn, opens one Paſſage and ſhuts another, which is the 


Cauſe of Suction, or playing out of the Ciſtern, as occaſion requires; 
this Turn may at any time be made whilſt the Men are at work, and 


ſo quick, that no Variation can be obſerved in the Stream; and what is 


extraordinary, the Engine by this Cock ſupplies itſelf with Water, and 


plays a cloſe and continued Stream, although no Water be in the Ciſtern. 
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VII. Tur Staves which the Men work by, are always fixed, fo that Left. XII. 
nothing is to be taken out or put in; but the Engine is in immediate 


Readineſs, either to work or move out of Danger; alſo the Staves and 
Leavers are very light, as alternate Motions with quick Returns require; 

et, will not ſpring and loſe time in the leaſt; but the Leavers and Staves 
of ſuch Engines as are wrought at the Ends of the Ciſterns, are not only 
heavy, but will ſpring or break, if they be of ſuch a Length as is neceſ- 
fary for a large Engine, when a ſufficient Power is apply'd ; and cannot. 
be fix'd, becauſe they muſt at all times be taken out (tho' 14 Feet of 
Room is required for it) or have an Alteration equivalent, before that En- 
gine can go through a Paſlage. 

VIII. Tur the Men may hold it working a long time together 
without reſting, he has contriv'd Conveniencies for many Men to work. 
at each of the 3d, 4th, 5th, or 6th ſiz d Engines, which do alſo augment 
their Performances. Thus 24. Men can work at one of his largeſt (tho 
not nine Feet long) with equal Power and Advantage by Hands and 
Feet jointly, or at pleaſure with eighteen by Hands only, and leave Room 
to pour in ſix Buckets of Water at a time, (which drains through large 
Copper Strainers.) This Conveniency is abſolutely neceſſary where Suc- 
tion can not be had : But isentirely wanting in Engines that work at the 


Ends of the Ciſterns, becauſe they cannot allow Water to be pour'd in, 


whilſt a ſufficient Number of Men are at work. | 

IX. Tur Forcers of his Engines, by Contrivance of a Wheel and rivet- 
ed Chains, (ſtrong enough to hold three times the Strain that can ever 
be given them) make a perpendicular Stroke, which produces a more even 


and cloſe Stream, and is one Cauſe of throwing more Water to the End 


thereof; alſo occaſions leſs Friction, and wearing of the Forcers; and by 


means of this . mug Motion (with the ſame Purchaſe, in the ſame. 


time, and with the like Power apply d to his Engines, as to thoſe whoſe 


Forcers do not move perpendicularly) he makes a longer, and a more 
effectual Stroke: Whereas the Leavers-in other Engines, which give tha 
Motion to their Forcers, by deſcribing an Arch, cauſe them to move in the 


Barrels with an unequal Velocity, being quickeſt, and hardeſt to work at 
the middle of the Stroke, juſt where the Men have the leaſt. operating 
Power to apply. Gb, | 

X. His large Engines may be play'd by Suction, with nine or ten 
Men in a Paſſage, three Feet and an half wide, or with ſeven or eight 
Men, and leave Room to pour in Water by three Buckets at a time: 
Neither of which can be done with Engines that work at the Ends of the 
Ciſterns, becauſe their ſucking Pipes are ſcrew'd upon the Sides of the 
Engines; and having Hoops within to keep them open, they require 


more 


Lect. XII. 
5 — ad 
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more Room ihan a narrow Paſſage will allow; and as the Men ate to ſtand 
at the Ends of the Ciſterns, they mult of conſequence take up all the Room 
in ſuch a Paſſage, ſo that it will be impoſſible to pour in Water whilſt 
they are at work. And no Engines are leſs liable to Diſorder than theſe ; 
nor ſo eaſily repair d. Net particular Directions in Print to render it 
more eaſy,” are durably fixed unto them. 308 | 

Tura is a Miſtake very common among ſuch as are not well acquaint- 


ed with the Laws of Nature, and the Effects of mechanical Powers, who 


imagine, that the more Purchaſe the Leavers have upon the Forcers in 
the Barrels (without any Regard to Time) the greater the Performance, 
both as to Length of the Stream, and Quantity of Water delivered; but 
tis well known that Notion is wrong, for the greater the Purchaſe is, by 
applying the operative Power more diſtant from the Center, the flower 
will the Motion of the Forcers be; which is conſiſtent with all mecha- 
nical Effects; ſo, what is thus gained in Force by the Power, is loſt in 
Time. 


Now, for an Inventer to have his Works invadingly imitated, or to 


have his uſeful Inventions fallaciouſly reafon'd againſt, is a great Hardſhip, 


and ſuch pyratical Injuries do often occaſion ſome hurtful Events, and can 
no ways be profitable to any: not to the invading Operator; becauſe, 
(Price for Price) he cannot of a long time, and with a vaſt Expence, 
afford to equal theſe Engines; either in reſpect to the Value of Materials 
put in them, or in the. Goodneſs of Workmanſhip and their Perfor- 
mances: Therefore the BuyeR is conſequently deceived, by reaſon of 


* theſe unſeen Deficiencies, &c. and likewiſe, it here may be duly obſerved; 


that the common unhappy Fate, of leſſening both Subſtance and Credit, is 
uſually found in ſuch pernicious and hazardous Attempts : As to vie with 
one ſo well {kill'd in his Inventions ; by a long Experience therein; which 
is the means of knowing all the beſt Methods of proceeding in every 
Branch of the ſame ; both for himſelf and a PvBLick Good. So upon 


the whole, he leaves it to the impartial World to judge whether the Man 


who finds out uſeful Inventions (and vends the fame for a moderate Gain) 


or he who only ſteals them when found out, deſerves moſt En- 
couragement. | 


An Hydroſtatical PA RA D O X explain'd. 


Mrrrixd with Objections in Print, to diſprove, by fallacious Reaſon- 
ing, what I have truely aſſerted from Experience: I here beg leave to 
offer this as an Explanation of the Paradox, which an Objector repreſents 
as a Falſhood. I aſſerted, ** That I had play'd Water (on a calm Day) 
<« upright to the Graſs-hopper on the Reyal-Exchange, which is 55 Th 
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« high, with my fifth Size Engine, which plays 170 Gallons a Minute.” Le. XI. 
This was ſeen by many then preſent; yet this Engine cannot throw Wa- 


ter above 50 Vards of horizontal Diſtance, tho' the Spout be elevated to the 
- moſt advantageous. Angle. Now a Stone, or Bullet, does certainly go 
farther in Length, than in Height, when diſcharged by an equal Power : 
Therefore the Objector ſays, that by the ſame Laws, Water ſhould ſpout 
much farther in Length than Height,” (contrary to my Aſſertion of 
the Matter of Fact.) Yet it is well known, that when Water is thrown 
to an horizontal Diſtance with great Force, the Stream ſpreads towards 
the End, and therefore being more reſiſted by the Air, falls ſooner: But 
when a Stream 1s thrown upright, with this ſame Force, and thro' the 
ſame Bore, ina calm warm Day, it then makes a ſmall perpendicular 
Cylinder in the Air, (which thus far aloft is much lighter) ſo riſes up the 
ſame in a cloſer Pillar to the Top; therefore it goes the greater Diſtance 
in Height. 

a — a Stream 1s play'd horizontally, then upright, thro the ſame 
Bore, (as above) by an equal Power, not able to throw it above 30 Yards 
forwards, then the horizontal Diſtance may be greater than'the vertical; 
becauſe, in ſuch a Caſe, the Reſiſtance of the Arr (which is as the Square 
of the Velocity) is conſiderably leſs to the horizontal Stream: As appears 
by obſerving, that the Water does not then ſpread at the End, as it does 
when the great Power is apply'd, This is my humble Opinion, which 
] here offer to the Curious; but, if J am miſtaken in my Solution, yet 
the Fact is true: The like has been ſufficiently prov'd, by. ſeveral 
Experiments. : 


RICHARD NEWSHAM. 
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ANNOTATIONS upon the Twelfth Lecture. 


1. [Page 423. The Reaſon of the tao foregoing Rules will be demon- 
rated in the Notes.) Thoſe Rules are made out as follows. 


Annotat. 1 2 HE Length of a Pendulum ſwinging a Second, of mean Solar Time 
Lect. XII. (intercepted between the Centers of Suſpenſion and Oſcillation) has 
3 ＋＋ been found at London by ſome late very accurate Experiments to be not leſs 
than 39,126 Inches, and not more than 39, 130 Inches, at a Mean 39, 128 
Engliſh Inches. | th 78 
Nov it is demonſtrated, that the Circumference is to its Diameter multi- 
plied by the ſquare Root of 2, as one Second, or 60“ is to 27” wog, the 
Time requir'd to fall in vacuo thro' the Length of ſuch a Pendulum. More- 
over, the Spaces fallen thro” in different Times being as the Squares of thoſe 
Times, the Space a Body falls in vacuo in a Second of Time, wil! be found 
1600913 Feet, and its ſquare Root 407413 Feet. 
AnD at the End of that Time of one Second, the Body will have acquir'd 
a Velocity of 3241826 Feet per Second. Now ſince thoſe Velocities are as 
the ſquare Roots of the Spaces fallen through ; if any Space fallen through 
be = S, and the Velocity acquir'd be equal to V Feet per Second, we ſhall 
| Feet wed USELR Feet 22,1826x4/S 
have this Analogy, 4,0713:2v S:: 32,1826: V, whence Wo ena 
that is, 8,02298 / V, or 64,2882 X SS VV, which ſhews the Rea- 
ſon of the firſt Rule. 


AND it is not leſs evident from the laſt Equation, that we may conclude 


ra. AN = 8, which ſhews the Reaſon of the ſecond Rule. 


64,2882 

2. [Page 436. Remarks of mine upon this Engine will be found in the 
Notes.] It is not enough to make Pipes of a ſufficient Strength to carry Wa- 
ter, according to the greateſt Height of the Column, but we muſt determine 
the Velocity with which the Water is to run in the Pipes, eſpecially if it be 
driven from an Engine. I have found by many Obſervations, that four Feet 
in a Second is as ſaſt as we ought to drive Water; but if we aim at raiſing 
the greateſt ey, poſſible, our Velocity muſt be the leſs ; two Feet per 
Second, or in ſome Caſes but one Foot. But I don't mean that we ſhould thus 
diminiſh its Velocity in the ſame Pipes, for then we ſhould indeed diminiſh 
the Quantity: but make our Pipes accordingly larger. But if we aim at 
making Jets, and cauſing Water to ſpout to a great Height or Diſtance, we 
muſt not think to throw up the ſame Quantity of Water as we could raiſe to 
that Height with the ſame Power properly applied. For Example, tho a 
Man who can raiſe a Hogſhead of Water in a Minute ten Feet high, will * 
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half a Hogſhead 20 Feet high in the ſame Time, and a quarter of a Hogſhead | Annotat. 
40 Feet high; yet if uſing the ſame Pump and Piſton he diminiſhes the Dia- Le, XII 
meter of his aſcending Pipe very much, the Friction increaſmg will take off Wo IR” 


from his Quantity. And if cutting off his Pipe near his Engine he puts on 
an Ajutage, or Spouting- Pipe, in order to make it go the ſame Height with- 
out a Pipe; this cannot be done without giving a Friction to re- draw the 
Water, (as it is call'd:) and ſo much of the Power as-is employ'd to give that 
Friction, ſo much muſt be deducted from the Quantity of Water to be rais'd. 
HE that would raiſe a great Quantity of Water by an Engine, muſt not think 
to have a very good Jet from the ſame Engine; nor mult he that contrives 
his Engine for a good Jet, think, with the ſame Engine to raiſe a great 
Quantity of Water upon occaſion, Indeed with a great deal of Skill in Hy- 
draulicks ſuch a Thing may be done, by making proper Changes occaſionally ; 
but it. muſt be from the firſt Intention; that is, the Engineer muſt have both 
theſe Ends in view before he contrives any Part of his Engine. But if an 
Engine be contriv'd for making a good Jet, it cannot be applied for raiſing the 
molt Water to a certain Height in a certain Time: nor can an Engine that 
raiſes the moſt Water that the Power is wma of, be made to work up a Jet 
with the beſt Advantage. It would therefore be no unuſeful Problem to pro- 
poſe to hydraulical Performers; The Quantity and Velocity of a Stream of 
Water, a certain Fall of a certain Quantity of Water, a determinate Number of 
Men or Horſes being given; to contrive ſuch an Engine, that any of the Powers 
above-mentioned ſhall produce a Jet of the greateſt Height thro an Ajutage of a 
given Diameter; or by a ſudden Alteration in the Engine, raiſe the greateſt 
Quantity of Water to a given Height. I 
Tur late Reverend Mr. Holland, Miniſter of Amerſbury near Stonehenge in 
IWilifhire, had a very great Genius for Mechanicks ; but was no Philoſopher, ſo 
as to be able either to calculate the Force of a Power, or apply it to the beſt 
Advantage. In that he went by Gueſs- work, as moſt of thoſe Perſons do 
who put up Engines for raiſing Water : for Example, he did not know how 
to meaſure the Quantity of Water he was to make uſe of, or how to propor- 
tion the Number of Ladle-Boards or Floats in his Wheels : He knew that a 
great deal of Friction was to be given to produce a very high Jet with but 
little Intermiſſion of Variation in the Height; but provided he thought he 
had Water enough, and that he gave Friction enough, he was ſatisfied. As 
for the reſt, he was very exact and ſkilful. He ftrengthen'd his Pipes in the 
beſt manner; he made all his Work go extremely true; and his Collars and 
Locks were never thought on before, and ſo accurately perform'd as to have 
no ſenſible Shake, and the. Time of the Forcers working nicely adjuſted. 
Theſe Things being ſo well executed, he ſucceeded wherever he ſet up any of 
his Engines; except at my Lord Tilney's, where Water, ſince the firſt erecting 
the Engine, has ſometimes been found inſufficient to play it, though when it 
play'd, every Thing expected went right; but that has not been laid to his 
Charge as a Fault, being by many ſuppos'd not his Buſineſs to conſider ; tho 
2 Philoſopher will ſay it ought to have been conſider'd, and a Wheel muſt 
have been made accordingly. He erected an Engine for the late Earl of 
Vol. II, XXX Pembroke 


GR 


| jan half faſter than it ought to do, which makes a confiderable Error. But if 
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Aunotat. Pembroke many Years ago, which, with a Wheel only of 12 Feet Diameter, per- 


Le&. XII. forms much better than my Lord Tilney's Engine did when it had not been long 
ym ſet up, and Mr. Beighton took a Draught of it in the Year 1720. The preſent 
; Earl of Pembroke having been ſo good as to favour me very lately with the 


Proportions of his Engine, I ſhall thereby be able to make the Compariſon of 
the Wheels and Engines, 

Mx. Holland knew that a Friction mult be given to produce Velocity, and 
make his Jet continuous; but diſtributed the Friction all over his Pipes, 
whereas it would have been ſufficient to have contracted his Main at the A- 
jutage, and near it, as I directed to be done when a Jet is ſupplied by a very 
high Reſervoir, as it may be ſeen in the Table of the Height of Jets, Page 
131, and afterwards Page 137. Plate 12. Fig. 5. For due Contraòtion bein 
made at the Ajutage, no more Velocity is required in the Pipe of Conduct 
than what will ſupply the Jet of the Height and Ajutage that we want. 

Tres Faults that my Friend Mr. Beighton found with Mr. Holland's Engine 
are truly Errors, as he calls them; but I muſt animadvert upon them, be- 
cauſe what I have to ſay about them will be uſeful in other Engines. 

FIRST Error. The Motion is ſo very flow, that à great deal of Water will 
ip by the Forcers, unleſs they are very fireight leather'd, and then there are 
very great Frittions. 

Türke is a Way of leathering Piſtons, ſo as to make them ſupport very 
great Columns of Water without leaking, and increaſe the Friction very 
little; which I ſhall ſhew in another Note; tho' I believe Mr. Holland did 
not know that Method. 

SECOND and third Errors. The lower Parts of the Cylinders or Pumps are 
ſo ſmall, that there's a great Friction in receiving or filling the Pumps. And 
the Water in the two ſeven Inch Bores, or two fix Inches, is all forced thro a 
Pipe of leſs than three Inch Bore : ſo the Friction muſt be prodigious great. For 

&c. the Quantity 85 muſt be forced or Wire-drawn thro' nine, and in 
Proportion as nine to one. EE 
Tnzsz indeed happen to be Errors here; but it muſt nos be taken for a 
133 Rule, that ire drawing the Water, as it is call'd, is always a 

ault: for let the Water in a ſmall Pipe go faſter than the Water in a large 
Pipe, either following a Piſton of a large Diameter, or going before, it; un- 
leſs this Wire-drawn Water goes faſter than at the Rate of four Feet in a Se- 
cond, the Motion is not too ſwift, nor the Friction too much. Here the 


Water is Wire- drawn to a Fault, as we ſhall ſhew. 


Tus Water here moves in the ſeven Inch Barrel according to the Velocity 
of its Piſton, 1,2 Feet per Second; the Water that follows muſt there- 
fore (as the ſmalleſt of the Sucking-Pipes and Valves will force it to go nine 
times faſter) move at the Rate of 10,8 Feet per Second, which 1s twice and 


the Piſtons, without any Inconveniency to the Engine, had mov'd fo much 


lower, and been confin'd ſo to do, that the Water following thro' a ſmall 


Pipe had fully ſupplied the Pumps without moving faſter in the ſmall Pipe 
than four Feet in the Second) this would have been fo far from an 2 
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that it would have been a good Piece of Occonomy to have ſubſtitured a Pipe Annotat. 
and Valves of three Inches in Diameter, inſtead of making the Pipes and Valves Le&. XII. 
of ſeven Inches Bore, which would very much increaſe the Founder's and. 
the Plumber's Bell. I can ſet this in no better Light than by giving an Ac- | 
count of a Trial, wherein the late Mr. R. Newſham had like to have been 
caſt in Weſtminſter- Hall, and made to pay a Penalty for having really ſerv'd 
the Proprietors of a Water-work, which ' he was employ'd to repair. The 
Caſe was this: The Shadwel!! Company of Undertakers for raiſing Thames- 
Water to ſupply the Neighbourhood, make uſe of Engines whereby Horſes 
draw round a Wheel, which brings Water into ſeveral Pumps, and join into 
one Main (or Pipe of Conduct running in the Street) the Water of ſeveral 
Pumps, ſuppoſe of three, in order to ſupply the ſeveral Streets which thoſe 
Mains go to, where they are again branch'd into ſmall Pipes to go to private 
Houſes, | 

Ma. Neuſbam obſerv'd, that in the Part of Horſe-work they had given 
him to mend, there was Occaſion for three Pumps of ſeven Inches Bore to keep 
an Uniformity with the reſt of the Horſe-work ; and that the Water of 
theſe three Pumps muſt be conducted all into a fix'd Main of ſix Inches Dia- 
meter, which could not be alter'd or remov'd. Upon this, (tho? adviſed to 
make Valves, and the Horſe or Communication Piece as big in Water-way'as 2 
the Barrels) he made them of only four Inches Water - way, becauſe in- ſo / 
doing he ſav'd the Company 40 or go Pounds in the Expence of Braſs, which 
large Valves, &c. would have required: (tho', by the by, we may obſerve 
that he would have had his Profit in that, one of his Partners being a Founder.) 
He conſider'd that the Valves, of which there were three, were full as big as 
the preſent Occaſion requir'd. For Example, each Valve being of four Inches 
Diameter, the Water-way of each may be calPd 16, which multiplied by 3 
makes 48, the whole Water-way thro? the three Valves; but the Main to re- 
ceive this Water being only of fix Inch Bore, had only 36 Inches for its Wa- 
ter- way; and therefore could not carry off the whole 48*hat the Valves 
could ſupply : ſo that there could be no Hindrance or Check to the Water at 
the Valves; and therefore if the Water was Wire-drawn, it was Wire-drawn 
thro* the ſix Inch; for provided the Valves had more Water-way than the 
Main, no matter what was their Diameter. | | 

Newſham was accus'd of having done the Shadwell Company Wrong, in that 
inſtead of repairing one of their Engines in an honeſt and Workman-like Manner, 
be bad ſet up Valves of ſo ſmall Water-way, thai their Horſes work'd the harder 
in drawing about the Wheel, becauſe the Forcers went ſo much the haraer in their 
Barrels for the Water being Wire- drawn; and that thereby the Tenants could 
not be ſery'd with their full Quantity of Water, as uſual, to the great Detri- 
ment of the Company; and conſequently that Newſham, inſtead of being paid for 
- Work, ought to make Reparation to the Company fer the Injury be had done 
lbem, 

IT took up ſome Time, and it was with no ſmall Difficulty, that the Plain- 
tiff's Witneſſes made the Lawyers underſtand what was meant by Wire- 
drawing Water; at laſt it was clear'd up this Way. A Barrel of ſeven 
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Inches Bore has 49 Inches Water-way; the Valve or Clack is but four Inches 
Diameter, and its Water- way 16. Now this Neuſbam at every Stroke of 
every one of his three Pumps has made the Water contain'd in a Barrel of 49 
Inches Water- way ſqueeze thro' an Hole of only 16 Inches Diameter. 


If this could be prov'd, the Jury muſt ind tor the Plaintiff. It was ſoon 
prov'd that Mr. Newſham's Barrels were of ſeven Inches Bore, and the Valves 


only of four Inches, and therefore that he had mide all the Water of 49 
Inches pals thro' 16; and if this was call'd Wire drawing of Water, he had 
Wire-drawn it very much to the Prejudice of his Employers. When Mr. 
Newſham's Witneſſes (of which 1 was one) were call'd, it was impoſlible to 
make the Lawyers underſtand, that there could be any kind of Wire-drawing 
of Water not burthenſome to an Engine. They had given their Attention 
long enough to hydraulical Terms in learning to Know what Wire-drawing of 
Water was, to hear with any Patience any Thing more concerning the ſeveral 
Sorts of Wire drawing, eſpecially that any Soris of it could be unhurtful. In 
vain was it ſhew'd that the Water-way of the Main that carried off all the 
Water, being but of ſix Inches Diameter, had but 36 Inches Water-way, and 
could not carry off all the Water, which his three Valves (whoſe Water-way 
taken together was 48 Inches) was continually ſupplying z and therefore that 
the Reſiffance was at this Main, a Pipe not of his laying, and that he could 
not take away. At laſt one Gentleman, of more Attention than the reſt, 
with much ado made the Court underſtand the Thing, and prevented the Jury 
from giving their Verdict for the Plaintiffs againſt Neuſbam. This ſhews how 
Men of the beſt Senſe may be led into great Errors for want of a thorough 
Attention. 

HavinG now ſhewn that Water is Wire drawn to Diſadvantage in Hol- 
land's Engine in the ſucking Part, we come to conſider the foreing Part; and 
firſt, that Part which carries Water to the Houſe without playing the Jet. 
This Pipe being of the ſame Bore as the ſucking Pipe, the Water does here 
alſo run nine times faſter than the Piſtons move in the Barrels, which here 
makes it 10, 8 Feet in a Second, whereas it ought to have gone but four Feet 
in a Second; and therefore here alſo the Water is Wire-drawn to Diſadvan- 
tage. Burt if this forcing Pipe had been of five Inches Diameter, the fame 
Quantity of Water, (viz. 95 Hogſhead per Hour) would have paſs'd thro' 
with a Velocity of 3,4 Feet per Second, and tho* Wire-drawn in reſpect of 
the Water in the Pump-Barrels, would have caus'd no Hindrance to the Mo- 
tion. Nay, thoſe Barrels that force would have gone eaſier in their Motions 
and therefore, if cas'd in their ſucking Part, might have carried 4 more of 
Water; that is, 107 Hogſheads inſtead of 95 per Hour, which then would 
have gone but 3,825 Feet per Second in the forcing or Conduct Pipe. This, 


inſtead of Friction, would have given the Wheel a little more Work, which 
would have reduc'd it to Monſ. Parent's Maximum to make it go with + of 


. 


the Velocity of the Water. But this is upon Suppoſition that the Water 
was well laid on, and the Float- Boards made in the beſt manner, and the 
Piſtons rightly leather'd ; all which Requ.ſites are wanting. 
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As for the Jet; there Wire-drawing of Water is neceſſary ; and the Friction Annotar. 
which the Pipes ſufferr'd before, is all transfer'd to the Jet. All that is re- Lect. XII. 
quir'd beſides, is, that the Water has Velocity enough in the Pipes to ſupply /... 
what the Jet conſumes, which the Pipes now are more than ſufficient to do. 

Tag Way indeed to make a Jet without a Reſervoir by this or any other 
Engine, is to conſider what is done in a Jet made by a Fall from a Reſervoir, 
and do the fame as nearly as poſſible by an Engine. Suppoſe the Jet propos'd 
is to riſe 70 Feet high, and ſpout thro' an Ajutage of 4 of an Inch Bore. 
Firſt, ſee what Height of Reſervoir is required to produce a Jet 70 Feet high, 
which you'll find to be 86 Feet“ four Inches: then ſee what Pipe of Conduct“ Page 133. 
will ſupply that Jer, if the Ajutage be Z of an Inch, and you will find the 
Diameter of ſuch a Pipe of Conduct to be five Inches F : the Velocity of fuch t Page 134. 
a Jet is 74,4 Feet per Second ||, therefore the Water that ſpouts thro' per Se- Page 423. 
cond is 24,8 Yards, which weighs 13,9 Pounds, (becauſe as a Yardof Water 
of an Inch Diameter weighs one Pound , and this Jet muſt be diminiſh'd in g Page 136. 
Proportion of 16 tog, or the Square of 1 to the Square of à the Bore of the 
Ajutage) and gives 22,3 Tuns per Hour, To ſupply this in a five Inch 
Pipe, the Water need have no more Velocity than s Part of an Inch per 
Second ; but more Velocity in Proportion as the Square of the Diameter of the 
Pipe is lefs : For Example, in this Pipe of three Inches Diameter, 1,52 Inch 
per Second will be a ſufficient Velocity; but as there muſt be no Intermiſſion, 
Mr. Holland's Forcers ſucceeding one another ſo exactly, and having their full 
Force at the Beginning of the Stroke, perform what could not be done with a 
triple Crank, whoſe Strokes are weakeſt at firſt and at laſt; unleſs all the 
Water was driven firſt into a very large Air-Veſſe] ; which might be plac'd in 
a Pond to have a Jet out of its Top, .thro* a Pipe coming from its Bottom 
like that of Newſham's, having hid and covered it with Rock-Work. N. B. 


One made of caſt Iron of about a Yard Diameter, and 12 Feet high, might be 
uſeful in ſuch a Caſe. 


Here follows a Compariſon of the Right Honourable the Earl of Pem- 
broke's Engine at Wilton, put up by Mr. Holland many Years ago, and the 
Right Honourable the Lord Tihzey's Engine (here deſcrib'd) put up at Wan- 
ſtead many Years ſince that at Milton; notwithſtanding which, better Jets are 
produc'd at Wilton by an under-fhot Wheel of 12 Feet Diameter, than by the 
under ſhot Wheel at Wanftead of 30. 

Treg Diameter of the Wheet at Wilton is 12 Feet. 

Taz Fall of the Water about five Feet. | 

Taz Ladle-Boards which dip 10 Inches in Water are 31 Inches long; 
therefore their Surface is 2,15 Feet. 

Tae Weight of the Column of Water preſſing on thoſe Ladle- Boards is 
equal to the Weight of 10,75 cubick Feet of Water“. » Page 423. 

As the Wheel is but of 12 Feet Diameter, and the Axis 2 Feet, the Ra- 
dius that acts, or Lever of the ſecond Kind, is but of 3 Feet in Length, but 
the Diſtance of Power 5 Feet, by which multiplying 10, 75 cubick Feet of 
Water, you will have 53,75 cubick Feet, or 3339 Ih. of Water, mol 
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Annotat, Preſſure of the Power, which carrying the Wheel 75 times round ip 2 Mi. 
Lect. XII. nute, drives out of the Pump: Barrels a Column of 135 Feet in Length equal 


EA to the mean Bore of the Barrels, and plays a Jet of + of an Inch Ajutage, 70 


and ſometimes 80 Feet high. m | | 

Taz Wheel at Vanſtead has its Ladle-Boards 1,5 Feet in Surface, fo that 
a Column of Water of 7 Feet high weighs againſt it 10,5 cubick Feet; then 
acting with a Lever whoſe Power is diſtant 14 Feet, muſt make a Preſſure of 
73,5 cubick Feet of Water, or 4593 lb. Yet with all this Advantage of 
Power, this Wheel drives thro' the Barrels but a Column of 72 Feet in a 
Minute. 

As this Wheel is 25 times bigger in Diameter than the Milton Wheel, its 
Circumference ought to have moved twice and an half faſter to have exceeded 
it in that Proportion, as to its Eaſe of Motion; for its Number of Turns muſt 
have been equal to have made the ſame Number of Strokes. 

Now at Wanſtead the natural Velocity of the Water is 1260 Feet Mi- 
nute, and the Velocity of the Circumference of the Wheel is 470 Feet per 
Minute; which is as 1 to 2,68. 

Bur the Wheel at Wilton goes 288 Feet per Minute, the Velocity of the 
Water 894 Feet per Minute; ſo that the Wheel goes with about + of the 
Velocity of the Water; and this brings the Wilton Wheel to Mr. Parent's 
Maximum. | | 

Tur Reaſon that this could not be done at Wanſtead, was the bad Appli- 
cation of a ſufficient Power; For the Number of the Ladle-Boards of the 
Manſtead Wheel ſhould not have been above 18, and it was above 30; and 
the Willon Wheel had 11 or 12 Ladle-Boards according to its juſt Number, 
See Page 426. N B. There is alſo more Waler-way in the Pipes at Wilton, 
There is therefore Reaſon to think that when Mr. Holland ſer up the Engine 
at Wilton, he ſaw an under- ſhot Wheel going well ſomewhere, and imitated 
it; but he follow'd his own Conjecture at Y/anſtead, without being acquainted 
with ſufficient Principles; thinking in general that a longer Lever was ſuffi- 
cies to produce a greater Effect; and that contracting his Pipe would give a 
higher Jet. 

e ANDING the Faults that I have found with Mr. Holland's En- 
gine, they had their Merit; for where he had Water enough, he always gave 
beautiful Jets and with little or no Intermiſſion, which mult pleaſe the Perſon 
tor whom the Machine was erected, tho' ſome Things were not performed 
according to the ſtrict Rules of Art, which the Owner of the Engine is not 
ſuppoſed to underſtand. Mr. Holland, being modeſt to a Fault, was often 
cheated of the Profits as well as the Honour of his Invention; for he was 
certainly the firſt who contriv'd to make a Jet without a Reſervoir. But 1 
will do his Memory Juſtice, in reſpect to what came to my Knowledge. A 
certain Perſon, who wanted to be choſen Repreſentative for the Town of 
Sbafiſbury, undertook to ſupply that Town with Water, to gain his Election 
by the Merit and Expence of that Performance; and accordingly got Mr. 
Holland to put up one of his Engines, which performed very well ; but was 
himſelf fo careleis of his Engineer, as to let him be arreſted for the 1 * ur 
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ſeveral Parts of the Machine: beſides, he gave himſelf out as the Author and Annotat. | 
Contriver of the Engine, calling it his Water-Engine, He made his late Le&. XII. 
Majeſty, and all the Gentlemen and Ladies that came with the King fro 
Hanover, believe this Performance to be his, and talk'd himſelf into the Place 
of being Surveyor of the Board of Works. A late Right Honourable Perſon, 
living near Mr. Holland, told me this, and bad me make no Secret of it. 
Afterwards this Gentleman prevailed with his Majeſty to Jet him erect one of 
theſe Engines for him at his Gardens at Herenbauſen. which now performs 
very well, having for Power the Force of a whole River. But Mr. Holland 
had neither the Credit of this Machine, nor any of the Profit of it; tho? his 
Majeſty paid three Times as much as was agreed for. Mr. B took 
away Mr. Holland's Smith and Foreman, which is one Jobn Cleve, (if not 
dead, now ſtill at Herenbauſen,) and by this Man the Engine was put up, tho? 
he now and then, wanting his Maſter, found conſiderable Difficulties. Nay, 
all the Perſons concerned in the executive Part of this Work were ſo ignorant, 
as to make an Elbow at right Angles in the Pipe of Conduct near the Aju- 
tage, where the Jet was to ſpout, ſuch as is deſcrib'd in the 3d Figure of 
Plate 12. (fee Page 137.) So that when his late Majeſty and the whole Court 
came to ſee the firſt Trial of this famous and coſtly Engine, the Water inſtead 
of ſpouting an hundred Feet high, ſpouted only ten Feet; and they knew ſo 
little where the Fault lay, that one Andrew who had the Management, and 
appeared as firſt in this Undertaking, was ready to run away with all his 
Men, unleſs by petitioning the Board they could get leave to put up a Re- 
ſervoir to ſupply their Jet. 
By Chance as they made their Complaint to one John Helot, a French 
Watchmaker, and telling him they were all ruin'd; he told them that when 
he ſaw the End of their Pipe of Conduct turn'd up to an Angle of go Degrees 
near the Spout or Ajutage, he never expected the Water would riſe to the 
Height they propos'd ; but that he believed it would anſwer Expectation, if 
they turn'd up their Pipe with a Curve, ſuch as he then drew with his Cane 
in the Sand. (See Plate 12. Fig. 4.) | 
Andrew took the Hint, and communicating the Thing to Cleve, they 
alter'd their Pipe accordingly, and in a few Days the Jet play'd near 100 
Feet high; pretending that they had been cleaning the Pipes that were choak'd 
up with many Shavings of Wood, carefully concealing their Blunder. But 
they fail'd in one Thing, which was the making a Preſent to Jobn Helot, 
whom, if they did not intend to reward for his Advice, they might have 
brib'd to Sccrecy and then Hundreds would not have known their Ignorance, 
which Helot has acquainted with it. | 
| SHOULD not have been fo prolix in my Remarks upon this Engine, but 
that it has ſupplied me with Examples to apply a great many of the Rules for 
ſeveral Caſes in Hydraulicks, to which 1 have xeferr'd, quoting the Pages where 11 
the Rules are to be found in the Margin. (hl 
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| Annotat, 3. [I ſhall add a few more Remarks concerning cobat my Friend bas ſaid 


Lect. XII. concerning theſe Water-Works in the Notes.) 
a 


Mx. Sorocold put up this Engine at London Bridge, between 30 and 40 Years 
ago, which remains, and will for many laſt, as an Inſtance of the Excel. 
lence of its Erector. As for the Contrivance for raifing and falling the Water. 
Wheel, that was the Invention of Mr. Hadley, who put up the firſt of that 
kind at Worceſter, and for which a Patent was granted him. 

Pag. 439. It is true that a great deal of Water is loſt by the too great 
Frequency of Valves opening and ſhutting, and therefore that their would be 
more Water rais'd by fewer Barrels whoſe Strokes ſhould be proportionably 
longer; and likewiſe that a triple Crank diſtributes the Power better than a 
28 one, which may be only conſider'd as a double Crank double 

oaded. | | 

I Haves obſerved a Fault in this Engine about 20 Years ago, and which 
has not been remedicd yet; which is, that they make their forcing Piſtons 
of very ſtiff Leather, one diſhing upwards, and the other downwards, which 
they drive in with a Mallet; inſomuch that I have often ſeen it require 50 
Pounds to move the Piſton up and down the Barre] when new leather'd: 
and after ſome time, when this thick Leather is thoroughly ſoak'd, a great 
deal of Water has ſlipp'd by; firſt ſo as to increaſe the Friction very much, 
and to loſe a great deal of Water. | 

 Forctrs made with thin Leather tann'd, of about the Thickneſs of the 
upper Leather of a Countryman's Shoe, (fuch as are call'd the ſecond fort of 
Forcers in Page 161, and repreſented in the 14th Plate, Fig. 33, 34, 35, 36, 
37, and 38.) are ſufficient to hold a Column of Water 100 Feet high. Their 
whole Excellency conſiſts in this, viz. that the guiding Braſs Cylinder be- 
tween the Leather fits ſo well, as juſt to ſlip up and down in the Barrel that 
mult be well bored; and if you uſe a Bucket, the ſingle Leather which looks 
upwards muſt riſe between the ſmaller Ring of Braſs above it, without N 
up too high: as we have ſuppos'd the two Leathers of the Forcer not to rile 
or fink below the Ringswithin them. I have known Mr. Clarke (the Turner 
of whom I ſpoke concerning the Hydrometer) raiſe Water to its Maximun, 
with a very bad Engine, where a little weak Horſe carried round a ſingle 
Crank, and raiſed an Hogſhead in a Minute 30 Feet, and held it an Hour 
* the Trial that I made of meaſuring the Water, and could have held it 
8 Hours. | | 

N. B. Where Braſs Barrels are uſed, Forcers of thick Leather will ſoon cham- 
ber; that is, become wider in the working Part, than at the Mouth or lower ; 
fo that a Piſton that would go in at the Mouth with Difficulty, would go to0 ch 
in the chamber'd Part. Piſtons of ſoft Leather will not ſo ſoon chamber, bul 
yet they will in time : therefore the Piſtons in their working muſt riſe with their 
upper Leather half out above the Tep of the Barrel, and the lewer muſt go down 
partly into the Hollow made at the Bottom of each Barrel for the riſing of the 
Valves. This is the Method that Mr. Newſham uſed conſtantly. 15 
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My Friend thinks that the Bores that carry off the Water from the Engines Annotat. 
are too ſmall, there being (nearly) always two Pillars of ſeven Inches Dia- Lect. XII. 
meter forcing into one Pipe of the ſame Diameter, and 7 x 72491749298. 

Bur what I have ſaid in the laſt Note will ſhew that this Objection is of 
no Force, unleſs the Velocity of the Piſtons was very great; but here the Ve- 
locity of the. Water going thro* the Boards above-mention'd, is much leſs 
than two Feet in a Second. For as each Revolution of a Wheel makes in a 
Forcer under 245 Strokes, and the Stroke is 2,5 Feet: Multiply 2,5 x 2,5 = 
6,25; and the Wheel at moſt going only ſix Times in a Minute, the Velocity 
of the Forcer will be but 6 x 6,25 = 37,50 : ſo that double that Velocity will 
be but 75 Feet in a Minute, or one Foot and a quarter in a Second. 

Ix this Machine the Cogs are made of Iron, to be the more durable; but F 
there is a farther Improvement by Mr. Clarke, which will do very well here, "l. 
and in any Mill-work. As he has ſent me a Draught and Account of it, I 11 
could not refuſe to inſert his Deſcription here. | 


ALETTER from Mr. Clarke io the Aub bor. | | Nt 
Cem; 1 
6 ANY Attempts having been made for leſſening or taking off the Wy 
M Friction in all forts of Mul work for grinding Corn, raiſing Water, _— @ 
« (5c, and nothing having been perform'd to anſwer that End well, I have ll | 
« contrived and invented a new Wallower or Trundle- head, which is fix'd | _ i 
© to Works at the Water - works in Villar's fireet, York- buildings, to an Engine 
* whoſe Barrels are ſeven Inches Bore, and is wrought by ſeven Horſes. This 1 
« Wallower 4s ſo contriv'd, that as ſoon as the Cogs touch or bear againſt 1 
« the Surface of the Rounds or Staves, the Parts of the Surface preſs'd againſt "4 
immediately give way, and in no wiſe rub or grind againſt each other; | 
« and as the Rounds or Staves are made of Iron, they are no way liable to De- 12 
„ cay, and the Rounds all working in Braſs Sockets, that not only eaſes the . 
« Friction, but preſerves the Wallower from wanting the leaſt repairing many 
% Years, neither does it wear out the Cogs of the great Wheel, as other 


„% Wallowers do. Here the great Wheel has one hundred and forty-ſeven 
Cogs on the Face thereof. As the Mill-wright found great Fault with 
„this way of working when firſt erected, and ſaid the Cogs would wear out 
in two Months time, by reaſon of the Wood working againſt Iron; I 
therefore, to prove the contrary, would not ſuffer either Cogs or Rounds to 
be either greas'd, ſoap'd, or any other Method made uſe of to preſerve 
them from wearing each other away, for twelve Months after it was ſet to 
Work, and it has now work'd conſtantly ſixteen Hours a Day for near two 
Tears, yet *the Cogs are very little worſe than when they were firſt ſet 
to work; a Draught of this Wallower I have here ſent you, and am, 
Reverend Sir, 
Yeur obliged, bumble Servant, 
J. Clarke. 
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| Plate 36. Fig. 2. 0 
A A a ſquare Iron Bar of an Inch Diameter, and fourteen Inches lon 


Lect. XII. turn'd down to the Size of an Inch, about two Inches at each End &@ e. oo 


Plate 36. 


Fig. 2. 


3B one of the Bars before - mention'd, having Iron caſt thereon of the Dia- 


meter of 2 1 Inches, as from C, C, and in Length ten Inches from E E. 
Tux Plan of F GIH, a ſquare Braſs Box with its Hole and Pipe at K, 
for the Gudgeons A e or B of the Rounds to turn. | 
F, g, d, ſmall Holes to receive Screws, which faſten this Box to the 
Trundle-head. | | 
F K G, the Upright of the ſame Braſs Box. 


Fig. 5. SHEws the Plan of one of the Trundle-heads mark'd with the ſame 
Letters, 


* 


4. [1 Hall give a few Obſervations upon this Machine in the Notes.] When 
he that comes to take a View of the Engine at Marly, ſees it cover a Mile of 
Ground in Length, and the Breadth greater than that of the whole River 


Seine; he cannot but look upon it as a ſtupendous Machine: and if he is 


ſkill'd in Mathematicks, Mechanicks, and Hydroſtaticks, he will ſoon per- 
ceive that Ranneguin, the Contriver, was a curjous practical Mechanick, but 
no Mathematician nor Philoſopher ; otherwiſe he would have been able to 
have calculated the Power of the River, and to have known that there was no 
occaſion for making three Lifts of the Water, which might have been con- 
vey'd from the River at once in Iron Pipes. His conveying Motion to a 
third, and to two thirds of the Height of the Mountain, was admirably well 
contriv'd, if there had been a Neceſſity for (Pan there are a great many in- 
genious Contrivances to take off any one Part'of the Work to mend or clean 
it, whilſt the reſt goes on; and many pretty Inventions to prevent Accidents. 
The Miſmanagement of Power cannot be better ſhewn, than by comparing 
the Effect of the Engine at Mariy, with the Effects of the Water-works at 
London-Bridge. There are fourteen Wheels at Marly of thirty- ſix Inches Dia- 
meter each, work'd with a Fall of Water of three Feet, which raiſe but five 
thouſand two hundred and fifty-eight Tuns in twenty-four Hours : whereas 
the London-Bridge Works with four Wheels only raiſe eleven thouſand ſeven 
hundred and twenty-four Tuns in the fame Time, which is almoſt twice anda 
quarter as much. 

I pon'T mean by this that the London- Bridge Water-work with its four 
Wheels performs twice and a quarter more than the fourteen Wheels at Marh, 
fince the Bridge - Works raiſe their Water but an hundred and twenty Engli 
Feet high; whilſt the Marly Engine raifes its Water five hundred French 
Feet, which are equal to five hundred and thirty-three Engliſh Feer. But we 
will conſider theſe different Heights, and find how much Water four Wheels 
of the Marly Engine, and the four Wheels of the London- Bridge Engine can 
raiſe to the ſaid Height of five hundred and thirty-three Feet, according to 
the preſent rate of the working of each Engine; which will give us a fair 
Compariſon, l 
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Dividixoe 5258 (the Tuns of Water rais'd by Marly Engine in 24 Annotat. 
Hours) by 14, will give 375; which multiplied again by 4, will give us r, Lect. XII. 
or 14000 Tuns, the Quantity of Water rais'd in a Day by four of the Marly — — 
Wheels. Beſides this, we ate to conſider that there is a Fall of Water of three 

Feet acting upon the Mariy Wheels: fo that we muſt take away 4, or 466 
Tuns from the Quantity of Water rais'd by the four Marly Wheels, whoſe 
Effect we have been examining z becauſe the Fall at Lendon- Bridge is but two 
Feet at a Mean, and then we ſhall have 1400 — 466 = 934, the Water 
rais'd by the four Wheels. : 

To know what Quantity of Water the London-Bridge Work would raiſe 
to the ſame Height as Marly Engine, we muſt make this Analogy. 

As 533 Feet, the Height of Marly Reſervoir : 

Is to 120 Feet, the Height of the London-Bridge Reſervoir: : 

So are 11724 Tuns rais'd 120 Feet by London- Bridge Engine: 

To the Number of Tuns that it would raife in the ſame Time 522 Feet, 

or the Height of Marly Engine; viz. 2839 Tuns. 

Now as 2829 is three times more than 934, ſo much is the Effect of the 
four Wheels at London-Bridge greater than that of four of the Wheels at 
March. | 

Ir is ſaid that the Machine at Marly coſt above eighty Millions of French ' 
Livres, which is above four Millions of Pounds Sterling. 

Sous of the largeſt of our Fire-Engines at preſent in uſe in England, will 


raiſe as much Water to the ſame Height, and not coſt above ten thouſand 
Pounds. N 
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5. [4 Compariſon between this Mill, and the Under-fſhot Mill that 1 have 
deſcribd from Monſ. Belidor, the Reader will find in the Notes. |] Monſ. Be- 
lidor, by the particular Account which he gives of Under-ſhot Mills, and their 
ſeveral Parts, and the Calculations concerning the Operations of the Parts 
lingly, and the Whole together, ſhew'd that he had well examin'd thoſe Mills: 
but he knew very little of Over-ſhot Mills, which he ſpeaks very lightly of, 
laying that the Millers value them very little; but it muſt be ſuch Millers as 
live in a flat Country, and are only uſed to Mills upon Rivers and large 
Brooks; for in hilly Countries, the Over-ſhot Mills are of vaſt Service, and 
uſe ſo little Water, as often to do good Work by the Water of Ponds ſup- 
plied by Springs. As in this Nuneaton Mill, with the Expence of only 1148 , 
Hogſheads, or 287 Tuns per Hour, 30 Buſhels or 1800 Pounds of Corn, are | 
ground in 12 Hours. The Under-ſhot Mill deſcrib'd by Monf. Belider does 1 
indeed grind about twice and an half more Corn, viz. 4500 Pounds in 12 1 
Hours; but it is with the Expence of 24 times more Water. For if the 1 
Ladſe- Boards of this Under- ſhot Mill be three Feet long, and go 12 Inches in | 
Water, and the Ajutage or Paſſage of the Water againſt them bein the ſame "it 
Proportion with an Height of Water 7 4 Feet above the Center of the Aju- N 
tage, as in the Over-ſhot Mill; the Expence of Water will be 6820 Tun per —4 
Hour in the Under-ſhot Mill : whereas the Expence of Water in the Over- 1 
ſhot, chro' an Ajutage 10 + Inches wide, and two Inches deep, is only 287 144 
SF Tuns 1 
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Tuns per Hour. To prove which, only conſult the Rules given in Page 


Le, XII. 422, 423, and 424. 


— 


About che 
Year 1710. 


I Have had occaſion to examine many Under. ſhot and Over- ſhot Mills, 
and generally found that a well made Over - ſhot Mill ground as much Corn in 
the ſame time as an Under. ſnot Mill with ten times leſs Water: ſuppoſing the 
Fall of Water at the Over-ſhot to be 20 Feet, and at the Under-ſhot to be 
about ſix or ſeven Feet, I generally obſerv'd, that the Wheel of the Over. 
ſhot Mill-was of 15 or 16 Feet Diameter, with an Head of Water of four or 
five Feet, to drive the Water into the Buckets with ſome Momentum. 

IT is a difficult thing, . and requires ſome Experiments to determine, whe- 
ther there ſhould be any Impulſe given in an Over-ſhot Mill; or rather à 
Wheel made of ſuch a large Diameter as to receive the Water without any 
Percuſſion, by which means it may go with leſs Water; and thoſe who are 
for this Method alledge, that beſides the Obliquity of the Impulſe when a 
Fall is made uſe of, there is only the firſt Beginning of the Jet that can do 
any thing, the ſpouting Water daſhing in the Water that is already in the 
Bucket, and making a Froth. For my part, I can determine nothing certain 
in this for want of ſufficient Experiments; but I think that there might be 
ſome Fall allow'd, that the Momentum might be vſeful at firſt while the 
Water ftrikes againſt the Wood of the Bucket, before the Bucket is fo full 
that the Water daſhes againſt Water. The determining this, to know what 
Part of the Height of the Fall mult be taken for the Diameter of an Over · ſhot 
Wheel, would be a uſeful Maximum. Too great an Impulſe might make the 
Wheel go lo faſt; that it might, as it were, withdraw itſelf from the Action 
of the ſtatical Weight. 

Tur Velocity that Monſ. Parent determines in his Maximum for the Under- 
ſhot Wheel may perhaps be the beſt here; tho? it has not been demonſtrated to 
be ſo. But here it is fo, the Velocity of the Wheel is the third of that of the 
Water; and the Goodneſs of this Mill ſhews it to be right. | 

Tur Objection which Mr. Beighton thinks may be made as to the Train is 
of no Force here; for tho' in Clock-work the Number of the Pinion ſhould 
equally divide the Wheel, leſt a Leaf of the Pinion ſhould fall foul upon the 
Edge of a Tooth; it is an Excellency in Mill-work not to have the Number 
of the Trundle to be an aliquot Part of the Number of the Spur-Wheel, be- 
cauſe that way the Rounds are worn out too faſt, when the ſame Cogs too 
often take the ſame Rounds: and very likely this was done on purpoſe. 


6. [P. 474—— 11 almoſt every Improvement has been owing to them, as 1 
ſhall ſhew in the Notes; where 1 ſhall give the Hiſtory of theſe Improvements. 


An Account of the Inventors or Improvers of the ſeveral Partsof the Fire- Engine- 


Tho, Newcomen, Tronmonger, and John Calley, Glazier, of Dartmouth 
in the County of Southampton, (Anabaptiſts) made then ſeveral Experiments 
in private, and having brought it to work with a Pilton, Gc. in the latter 
End of the Year-1711, made Propoſals to draw the Water at Griff in War- 
wickſvirez but their Invention meeting not with Reception, in —_— fol- 
owigg, 


1 
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lowing, thro' the Acquaintance of Mr. Potter of Bromſgrove in Worceſterſhire, Annotat. 
they bargain'd to draw Water for Mr. Back of Nolverbampton, where, after a Lect. XII. 
great many laborious Attempts, they did make the Engine work; but not being 
either Philoſophers to under ſtand the Reaſons, or Mathematicians enough to 
calculate the Powers, and to proportion the Parts, very luckily by Accident 
found. what they fought for. They were at a loſs about the Pumps, but 
being ſo near Birmingham, and having the Aſſiſtance of ſo many admirable Buckzrs. 
and ingenious Workmen, they ſoon came to the Method of making the and VaLvzs, 
Pump- Valves, Clacks and Buckets ; whereas they had but an imperrect No- *7**: 
tion of them before. One Thing is very remarkable; as they at firſt were IvjzcT10n. 
working, they were ſurpriz'd to fee the Engine go ſeveral Strokes, and very 
quick together, when after a Search they found a Hole in the Piſton, which 
Jet the cold Water in to condenſe the Steam in the Inſide of the Cylinder, 
whereas before they had always done it on the Outſide. They uſed before to Scoccarx, 
work with a Buoy in the Cylinder inclos'd in a Pipe, which Buoy roſe when 1713. 
the Steam was ſtrong, and open'd the Injection, and made a Stroke“; there- 
by they were capable of only giving fix, eight, or ten Strokes in a Minute, 

'till a Boy, Humpbry Potter, who attended the Engine, added (what he 

call'd Scoggan) a Catch that the Beam Q always open'd : and then it would go 

15 or 16 Strokes in a Minute. But this being perplexed with Catches and 

Strings, Mr. Henry Beighton, in an Engine he had built at Newcaſtle on Tyne 

in 1718, took them all away, the Beam itſelf ſimply ſupplying all much 1718. 
better. N. B. About the Year 1717, [ communicated to Mr. H. Beighton Ihe 

Uſe of the Steel-yard over the Puppet-Clack, or Safety-Valve, which he applied 

to ſome Engines. The way of leathering the Piſton was found by Accident LeaTnzs- 
about 1713 : having then ſcrew'd a large broad Piece of Leather to the Piſton, d Pis rox, 
which turn'd up the Sides of the Cylinder two or three Inches; in working it 73. 
wore through, and cut that Piece from the other, which falling flat on the 

Piſton, wrought with its Edge to the Cylinder, and having been in a long 

time, was worn very narrow; which being taken out, they had the happy Dit- 

covery, whereby they found that a Bridle Rein, or even a ſoft thick Piece of 

Rope or Match going round would make the Piſton Air and Water-tight. 


Mr. Beightor's Account of an Experiment which he made on the Fire- 
Engine to know what Quantity of Steam a Cubical Inch of Water pro- 
duces, which I thought very well worth mentioning here. 

I Found by ſeveral Experiments by a divided Steel-yard on the Puppet or 
Satcty-Valve on the Top of the Boilers at Griff and Waſington, that when the 
Elaſticity of Steam was juſt one Pound Averdupoids on a ſquare Inch, it was 
ſufficient to work the Engine, and that about five Pints in a Minute would 
feed the Boiler as faſt as it conſum'd in boiling and Steam for the Cylinder 16 
Strokes in a Minute, Griff Cylinder held 113 Gallons of Steam every Stroke 
x by 16 Strokesin a Minute = 1808 Ale Gallons ; ſo five Pints of Water pro- 
duc'd 1808 Gallons of Steam, 38,2 Cubick Inches in one. Pint. Then 38,2 
Inches: 1808 Gallons : : 1 Inch: 47 Gallons three Tenths : hence it appears one 


Cubick 
* The Manner of this working with. a Buoy would le tedious, and require a particular Figure to 
explain ; but ſince it is now out of Uſe, it is needleſs to do it, 
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Annotat. Cubick Inch of Water by boiling till its Elaſticity is capable of overcoming 
Lect XII. about Y of the Atmoſphere, will make 13 thouſand 338 Cubick Inches of 
yes Steam. | 


By Experiment I have found that out of the Eduction- Valve of a 32 Inch 
Cylinder there comes out one Gallon each Srake ; it is ſurpriſing how that 
Steam, which is made of about three Cubick Inches of Water ſhould heat one 
Gallon of cold Water, ſo as to have it come out ſcalding hot, which it does, 
and the Cylinder in all its upper Part is but warm when the Piſton is down. 


N. B. I take this Opportunity to beg of the Reader to refify a Miſtake, mad: 


in Page 473, becauſe the Sheet is printed off. It is this, in the 32d Line of that 


Page, read, Air will precipitate in Steam, as Quickſilver would in Water. 


7. [Page 484 I have done with the Fire- Engine except ſome fer 
Things which I ſhall mention in the Notes. ] I cannot better end my Obſerva- 
tions on the Fire-Engine, than by giving the Reader Mr. Berghton's Table of 
the Power of the Fire-Engine, which he publiſh'd in the Year 1717; becauſe 
it agrees with all the Experiments made ever ſince. 


A Cal- 
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Tus Reader may obſerve, that Mr. Beigbton in his Calculations makes uſe 


Lect. XII. of the Ale Gallon, and I make uſe of the Wine Gallon; but that will make 
— no Difference in the main, becauſe the Hogſhead and Tun is the ſame : and 


need only obſerve, that the Ale Gallon contains 282 Cubick Inches, and the 
Wine Gallon 231; the Ale Pint 38,2 Inches, and the Wine Pint 28,87 
Inches. | 

Some People make uſe of caſt Iron Cylinders for their F ire-Engines « but 
I would adviſe nobody to have them; becauſe tho? there are Workmen that 
can bore them very ſmooth, yet none of them can be caſt leſs than an Inch thick, 
and therefore they can neither be heated nor cool'd ſo ſoon as others, which 
will make a Stroke or two in a Minute Difference, whereby an eighth or a 
tenth leſs Water will be rais'd. A Braſs Cylinder of the laxgeſt Size has been 
caſt under + of an Inch in Thickneſs; and at long run the Advantage of 
heating and cooling quick will recompenſe the Difference in the firſt Expence 
eſpecially when we conſider the intrinſick Value of the Braſs. 


Page 504, at the End of Section 21. this ſhould be inſerted, 

Ir three or more Men working together are to raiſe Water but a ſmall 
Height, as for Example, to empty a Pond, or throw the Water from one 
Pond to another ; they will ſooner do it with Scoops, than with any Engine 
or Pump whatſoever; becauſe they have no Friction to overcome. 

Ir we would know from hydraulick Facts, the Maximum for an Horſe, or 
the moſt Water that an Horſe can raiſe to a certain Height in a certain Time, 
we muſt examine thoſe plain and fimple Inſtruments uſed at the Coal-pits, 
call'd Barrel-Guns, where an Horſe going round in a ſufficiently large Walk 
draws round an Axis in Peritrochio, whofe Axis (or Barrel) being large, has a 
Rope coil'd upon it to bring up alternately two Veſſels of Water from the 
Bottom of the Mine, to be emptied when they come to the Top. By the 
Uſe of this Engine an Horſe of middling Force will eafily bring up Water at 
the rate of one Hogſhead 50 Feet in Minute, which is juſt five times more 
than a Man can do, as we- have faid before, There is no Pump, that we 
know, whereby the ſame Horſe can raife up ſo much Water to the ſame 
Height in the ſame Time. All the Care muſt be to have the Veſſels that are 
brought to be emptied quick, 


8. [Page 505. Mr. Newſham's Engine ought not to do it, as I ſhall ſhew in 
the Notes.) The Excellency of Mr. Newſham's Engine is to have its Jet move 
with great Velocity, that it may have ſufficient Strength to break Windows, 
and paſs thro? into the Fire at the farther End of an Houſe in Flames. This 
Velocity is produc'd by a Friction which is got by Wire-drawing the Water thro 
the conick ſpouting Pipe that delivers it; whilſt the Valves and Leathern Pipes 
have ſufficient Water-way to ſupply the Jet in its greateſt Velocity : but if 
you ſcrew off the Spout, and deliver your Water in a Ciſtern, the Retardation 


from the Friction of the Valves and Pipes will be ſuch, that the Quantity will 


not come up to the Maximum of an Hogſhead rais'd in one Minute ten Feet 


high by 27 Man. ; Tar 


* 
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Taz Reader may perhaps wonder that in this Account of ſuch Variety of Annotat. N 
Engines, I have given no Account of Wind- mills ;z but I would not do it, Lect. XII. 0 } 


— — Thing is ing in them; that is, a Method to make 
them grind Corn uniformly, when the Wind ſuddenly varies : for ſometimes from 


ſcarce bruiſing the Corn, the Motion is ſo increas'd, and the Stones go ſo faſt, 7 
that the Flour is quite hot and ſpoil'd. * Diminiſhing the Surface of the Sails 3 at 
is practiſed, but that can't always be done quick enough for, the ſudden In- " "1 
creaſe of the Wind. There might be ſome hatten to give the Mill more * 
Work to do, which it ſhanld take of itſelf, as the Wind roſs ſuddenlyy. and il 
leave as the Wind grew (lack, I don't hear that any Body yet has made uſe N 
of any ſuch Contrivance. I am confident it may be done, and I have deſign'd 4 
it above theſe twenty Years ; but have been hinder'd by other Affairs. But 
] hope to do it ſome time or other, if I live. In the mean time, if People are 
content to make no Advantage of the. ſudden Increaſe of the Wind's Velocighs 
and only deſire to be kept from Miſchief, they may make uſe of a large 
Fly to beat the Air, led by afmall, Pinion, ſuch as is deſcrib'd in Mr. YVawloii?'s 
Pile-driving Engine, Page 417, and 418. But not to be wholly ſilent on this 
Subject, 1 give the following Obſervations ſrom Mon/. Belidor, Vol. II. 
Book III. Page 33, 38, 40% 4. loc . 

3. WinD was never uſed for Mills till the Year 1280, or near 1309. 

8. Taz beſt Angle with the Ard for the Sails of a Wind: mill is 55 Degrees: 

Taz Force then is equal to r of the Force of the Wund. 

40. Tuner make that Angle of 72 Degrees near Paris, anti thereby loſe 5 ; 
or have. their Effect only as g3 to 7. is * 15 

41. To have the greateſt Effect, or moſt Work done, the Velocity of the 
Sails at their Center of Gravity, muſt be equal to 3 of the Velocity of the 


Wind. 
The End of the N OT ES. 
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A Page 1 100. Va. J. "between the Numbers 39, and 40, . this, : 


HEN the Ratio of the Power tothe Weig ht (when a Power 
_ raiſes a Weight by a Tackle) is conſider, it is expreſs d in 
f hie Words. Als one is to the Number of the Ropes, or of ths 
Parts f the Rope applied to the lower Pulleys; fo is the Power to the 
Wei Now, a - moveable Pulley, 'tho' it ſhould move downwards, is 
the — as a lower Pulley; and is exemplified in the two Tackles repre- 
ſented in Fig. g. and Fig. 10. of Plate 38. Theſe are only uſed in Mer- 
chant-men, and ſeem to be of Spaniſh Invention, call'd Spaniſh Burtons ; 
in the firſt of which the Power is to the Weight as 5 to 1, and inthe 
other as 4 to 1. In the firſt, 4 Parts of Rope are apply'd to the Pulley 
H, that riſes with the Weight : and two Parts of the Rope ſeem to be 
apply 'd to the Pulley G that comes down with the Weight, which would 
be fix ; but one of them being actually the running Rope or Fall, itſelf 
muſt be taken out of the Account. 80 in Tackle of Fig. 10. the Power 
is to the Weight as one to four, three Ropes being applied to the lower 
Pulley V/, and one more Part of Rope to the left Side of the deſcending 
Pulley g. That the Proportion of the Power and Weight are exact) 
thus, may be found by applying the reciprocal Proportion of the Velo- 
cities of unequal. Qantities of Matter that balance one anothey;  , 7 
Mou the Tackles, and draw down the running Rope five Feet, an 
you'll find that the Weight riſes juſt one Foot. So in the other the Power 
coming down four Feet, makes the Weight riſe one. 
5 2. Page 
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2. „ py 190. Men A Publication'of van and Tyan 
the Proteffor of Leyden, Petrus yan Muſchenbroek, tried ſo many Expe- 
riments concerning Friction, that I would recommend to my Reader 
what he has written upon that Subject in his often quoted e de 
Phyſique, Vol. 1 from age 176, to Page 188. 


3. * At Page 203. Pol. I. comes in what Follows from My. Beight6n. 


wy To Dr. Dzoaouiinks 


in e 1 | th hh OE 
Ti Peruſal of your esd 2 gave me great Satisfaction, not ex- 
ng to meet with ſo many Things new, after Numbers have 
— on hel Subjects of late; the Obſervations I have here made, on 
that Part you collected, I drew out for the Royal Society: A Liberty I 
« aſſumed, as well knowing you to be fo great à Lover of Truth, that 
you ate wont to be pleaſed, with any Corrections on what you have 
e publiſh'd. If any thing is worth notice, you may pleaſe to ſpecify it 
« in your Second Volume: For theſe nne J have firſt ſubmitted 
them to your Petruſal. I am, 1 


A , 


* 
— 


Reverend STR, 
„ Your- very humble Servant, - 
HENRY BEIGHTON. 


 Uron reading Dr. Defaguliers's:Courſe of Philoſophy, n 173 4. 
in n his 4th Lecture of the Friction of mechanical Engines, I have conſi- 
dered what he relates from Monſ. de Camus, on the Wheels of Carriages 
in Page 20 

2 3 the Axle - Trees muſt be ſtreight in all reſpects; for that when 
the Wheels ſtands narrower at the Ground, and before, than at the 
Top and Hind-part (which is the common and daily Practice of all 
Mankind) they muſt move more hard. 

Nov altho the Reaſoning may be mathematically true, yet there iay 
be ſome Circumſtances, thoſe Gentlemen have not ſo duly conſidered, as 
thoſe whoſe Buſineſs it has been either to make or uſe ſuch, Machines ; 
for there may be ſome conſiderable Inconvenienciesin Practice, in keeping 
ſtrictly to thoſe Rules. And the Strength, Convemiency, Uſefulneſs, and 
Eaſe, ought to be well weigh'd and conſider'd. 


Griff, 28 Feb. 1737-8. 
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1. Ir Wheels were to move forward in ſtreight Lines, I muſt own 
the Objectious to their Rules might be in ſome meaſure lefſen'd;-but as 
Roads are ſeldom ſtreight Lines, (in which Wheels in Motion on a hoti- 
zZental Plane would always go, if no Obſtacle put them out of it) When 


. oy 


your Carriage is to turn to the Right-hand; the Left-hand would preſs to- 
wards the End of the Axle-Tree, and bear hatd on the Pin there, and 
the right Wheel will be thruſt up towards the Shoulder: for then the 
Axle being put in a diagonal Poſition, between the parallel ſtreight Lines 
of Wheels before-deſcribed; thoſe Wheels muſt be forced to a greater 
Diſtance from each other, as the Diagonal is longer than the Perpendi- 
cular. And as in ſuch turning to the right, the Right-hand Wheel may 
be conſidered as a Center (if the Turn be ſhort,) the left Wheel is de- 
ſeribing aCircumference, and in ſuch Direction is endeavouring to fly off 
or move in the Tangent. But if the Wheels be (as the common Practice 
s) a little narrower before than behind, it will have its natural Direction 
and Inclination to deſcribe Part of ſuch Citcumference. 

2. Bor, a more material Objection to the Rule, is, That as the Boxes 
in the inward Part of the Naves of large Carriages (and Coaches in pro- 
portion) are 54 Inch Diameter, and the fore Box but 34, and the Arms 
on which they move the Fruſtum of a Cone, the Wheels even on level 
Ground would always be endeavouring to dwerge, and at every Turn be 
forcibly running into the Tangent. N 

3. Ir the Axle-Trees were in ſuch ſtreight Direction as Fig. 1. the 
Wheels preſs'd by the under Part of the Axle would be continually flyin 
off, and preſſing hard againſt the Pins at b, with as great Friction as — 
ſing on inclin'd Planes, for the ſame Reaſon as the double Cone ſeems to 
run up Hill. 

4. Ir muſt be conſidered, that all the Ruts or Tracks of Waggons or 
Carriages, are cut or ſunk by them nearly perpendicular; and if the 
Axle- Trees were ſtreight, the Wheels muſt move at right Angles to the 
Axis. | Ms 
Arx Wheels are ſtrongeſt when made concave or diſhing, viæ. when 
the Parts of the Spokes at c near the Nave in one Wheti, are nearer to 
thoſe in the other, than the Felloes: Thoſe Spokes muſt be continually 
rubbing as they go deeper into the Ground, and cutting the Ruts in an 
oblique Form, as at Fig. 3. But inthe Poſition of Fig. 4. they would 
enter and come out, without the 4 following Inconveniencies which at- 
tend the former, vis. | [3% | 
I. Tur it wears the Spokes, andthe Stones in the Edges of the Nuts 
areforcedin betuucen them, into a narrower Space, and often m—— 


* 


A P PEN BF X. 
u Tat bot er ME Dirt or Claf is thruſt in, and preſed as Wedges 
into a narrower Part, ſo hangs on them ſo as to form them like a Mill- 
ſtone, to the great Detriment of the Horſes drawing ſuch additional 
"Weights beſides Friction. | TI Wd 
III. Warn the Wheels are forced in and fly outward to the greateſt 
"Extent on the Axis, it would require a double Force to draw the Ma- 
chine forward. © i 1 
IV. Axp in the laſt State, when it is impoſſible the Wheels ſhould be 
ſeparated any wider, the Carriage can neither turn to the right or left. 
g. Cons1DERING the Obſtacles Wheels are continually meeting with, 
they muſt have ſome play, and the Axle- Tree muſt ſlide in and out of 
the Wheels, ſee Fig. 12. elſe they are in conſtant Danger of breaking. 
And as this eafy fliding cannot be had, but by the under and fore- part 
of the Fruſtums being both in continued ſtreight Lines; for a Wedge or 
double Cone cannot io end-ways without great Force, when two Planes 
will eafily ; therefore the Axle-Trees ought not to be ſtreight, as Mr. de 
Camus has afferted. © . 7 
Tur greateſt Charactetiſlic of a Carriage's going well and eaſy, is the 
Axle-Tree's flipping continually to and fo in the Naves: For a Man's 
Ears only will tell him when a Waggon or a Coach goes well and eaſy, 
by hearing it thump againſt the Shoulders or Pins alternately, When 
it does ſo, the Draught is above one fifth leſs, | 
c Tur Axle-Trees and Wheels are impreis'd by twe Forces, one the 
Weight of its Load near perpendicular, the other the Traction or Draw- 
ing nearly horizontal; therefore the greateſt Force impreſe d, is in the 
Diagonal between the two, but neareſt to that whoſe Force is greateſt. 
And in that very Part or Surface of the Axle-Trees Arms, the two 
Fruſtums of Cones ought to be in a continued freight Line. | 
N. B. Ir M. de Camus could mean the Axle-Tices and Wheels of 
Coaches, when the Axes, are Iron Cylinders, yet even then moſt of the 
Reaſons 1 have urged above lie very ſtrong againſt his Rule, and alſo 
prove it falſe in that teſpect. | 


# 


4. And afterwards from the fame at Page 21 1. 

Of the Drawing of Horſes, and Line Traction. 
Prop. XXX. Pag. 211. In ſpeaking of Drawing — 
Tur the Line of Traction ſhould be on a Level with the Breaſt of 


the Horſe, becauſe the Horfes that draw upwards tire ſooner, and 
* grow ſtiff in the Hams.” 


I con- 
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the Point or Line of Traction 1 is below his Breaſt, 


Wood or Stone, is firſt to lift, and then puſh forward. 


\ 
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1 co, this to be a Miſtake; for both | Experience and Reaſon 


"too will teach, and demonſtrate the contrary. For, 
1. HoksEs avs little or no Power to draw, but what they have 3 
their Weight or Gravity; otherwiſe they could take no hold of the 


Ground, and then they muſt flip, and draw-nathin 


2. ComMoN Experience teaches us, that if a Mae is 898 a cer- 


tain Weight, he ought (that he may draw the better) to have a propor- 


tional Wag on bis Back or Shoulders. A Horſe put into a two- wheel d 


Cart, in which there is a Ton Weight; when it is in an Æquilibrium, 


will not be able to draw it, but when there's 50 or 60 lb. bearing on his 
Back, he will draw it with Eaſe. If it be 2 or 3 Ton, if he bears 100 


or 200 lb. on his Back, he will be able to draw the Load, becauſe the 


Wheels of a Cart are very high. The Horſe's Back ſhould be loaded 
proportionably. 


Tnar Author does not ſeem to know, That when a Horſe draws 


hard be bends forward, and brings his Breaſt nearer the Ground; andthen 
if the Wheels are high, he is pulling the Carriage againſt-the Ground. 


4. A Honsz tackled in a Waggon will draw 2 or 55 Ton, becauſe 


reaſon of the 
Wheels being low. 


. Ir is very common to ſee when one Horſe is drawing a heay 
Load, his Fore-Feet will riſe from the Ground, and he will nearly ſtand 
on end; 'tis then uſual to add a Weightonhis Back to keep his fore Part 


down by a Perſon mounting on him, which will enable him to draw 
that Load, without which he before could not move. 


6. Tux Caſe is nearly the ſame, in applying the Stren th of a Man in 
. a Load in a Wheel-barrow; when moſt of the Pad lies on the 
Wheel, he will lip, and not be able to get it forward; but then bring- 


ing the Weight nearer his Arms, he will be able to drive it forward. - In 


drawing a heavy Garden-Roll, if the Axis of Motion was even with that 
Part of his Body whete his Arms are extended, he could not be able to 
draw it along; but when the Point of Traction is low, he may. 

In a loaded Cart, which hangs nearly in æquilibrio, if two Men 
would take it by the Shafts or Draughts, they would not be able to move 
it; but one of them in the Draughts, and the other behind the Cart, 

puſhing the Breech upwards as well as forward, he lays a Load on the 
firſt Man's Back, and fo prefling both the Feet againſt the Ground, 
they will eaſily do it. 

Tat common Method with a Leaver, * to ſlide or roll a. Piece of 
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IN along Fa Where only the hind Horſe bears on his Back; if you 
take off half the Number, and fix them to a lower Point of Traction, they | 


wil be enabled to move a much ſuperior Force. 
5 Den Page 212, . the ſame. | | | 
de Pofition of Drawing AN. 


Tux greateſt Streſs or main Buſineſs of Drawing is to overcome Ob- 
ſtacles, for on level Plains the Drawing is but little, and there the Horſe's 


Back need be preſs'd but with a ſmall Weight. 


MosT.or all of theſe Obſtacles may be conſider d as inclin'd Planes, 
To draw the Wheel A B, over the Obſtacle D, De Camus, by what yy 38, 


he ſays, would have the Horſe draw in the Line II C. 
I 8Ay, as the Obſtacle D, and the Tangent of the Earth or Line of the 


Floor is B, the Line to be moved in is BD, and an inclin'd Plane; then 
the eaſieſt Poſition of Drawing to get the Wheel over D is to draw in the 
Poſition of that inclined Plane B T, or more properly parallel thereto in 


the Line C5. 


ALL the Radii of a Wheel being equal, the tine at the Center, is 
the lame as a Balance in æguilibrio, viz. there's the ſame Force at A as 


at B. But in the Caſe gf Drawing in the horizontal Line HC, where. 
there's an Obſtacle at D, all the Force the Horſe has to draw is by the. 


ſhort End of Brachium e D, againſt the Force or Weight of the long 
End of the Brachium fD-= C, which uſt be very diſadvantageous: 
therefore the Line of Traction ſhould be C, and quite contradictory to. 
what that Gentleman has ſo often. in his Book aſſerted; in which Caſe 
the Force is upped to a Leaver Ds n * than ud e. 


* 412. —— Says Hooks can carry but 200 Ib. 


Ix Warwickſhire, from the Coal-Works at Griff near Coventry, * 
other Places, it has been uſual for an ordinary Horſe to carry 6 50 lb. and 
ſome have carried 700 lb. 2 g. for 7 or 8 Miles, without the Horſe ever 
reſting. 


Mx. Foley's Horſe at Stourbriuge cxried 11 rener Weight of lion 
=> 8 Miles. 


. 6. Page 421. after the oth e fo Lefture 5th. 


Tur Problem concerning the Determingtion of the Center of Oſcilla- 
tion has always been look d upon as one of the fineſt of modern Analyſes. 
Meffieurs Des Cartes, Robert bal; and many others, have conſider d-it;-and: 


determin'd + 


Fig. 15. 
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K determin d it; but that only in ſome Caſes. Mr. Huygens was but very 
young when this Problem was propos d to, him by Father Menſamus; 
as he has mention d in his excellent Treatiſe, intitled, de Herologio. O. 
cillatorio; and he is the firſt who has given a general Rule for finding 
that Center. Since that Time almoſt all the Mathematicians have given 

other Inveſtigations, and other Demonſtrations of Huygerms's Rule. 
THAT which I. ſhall give here is eaſy, and to be-underſtood by thoſe 

who are not ſkill'd'in the Doctrine of Fluxions and Fluents. 5 
Fux Center of Oſcillation of a Body, is that Point wherein the whole 
Force of a Body that ſwings is collected in the fame manner, that the 
whole Weight of that Body, when it is at reſt, is collected in its Center 
of Gravity. In order to determine this Point, and give yet a clearer 
Idea of it, let us ſuppofe feyeral equal Corpuſctres, A, B, D, &c. join'd. 
together ſo that they may move only all together, ſuch as are the Atoms 
or Particles of which a ſolid Body is compos'd, which ſwings round an 
Axis of Oſcillation, which is horizontal and perpendicular to this Paper, 
when the Paper is in a vertical Situation ; and let the Force which cauſes 
this Body to fwim, be either the natural Force of Gravity, or any other 
Force impreſs'd. * Now it is requir'd to find a Point, either within, or 
ce without this Body, (or this Aſſemblage of Particles) in which if all 
ce the Matter was concenter'd, the Vibrations of that Point would be 
« perform'd exactly in the fame time, as thoſe of the Body ſwinging are 
« actually perform d. Or to expreſs myſelf yet another Way It 
e 1s requir'd to find the Diſtance of the Axis of Oſcillation ; at which 
« Diſtance one Corpuſcle beitfy plac'd, would perform its Vibrations by 
ee the Velocity that would be given it by Gravity, or any other Force 
e impreſs'd, in the fame time Gat thoſe of the Body that ſwing perform 
ce theirs.” | 
WE muſt obſerve at firſt, that tho' the Points or Corpuſcles A, B, D, 
Sc. are here in the ſame Plane, they may be conceiv'd in Planes diffe- 
rent from one another: it is ſufficient to conceive that the Lines C A, 
CEB, CD, &c. repreſent their Diſtances from the Axis of Oſcillation; 
tho' thoſe Diſtances are meaſur'd from different Points of the Axis, whoſe 

Section only is repreſented by C. zl 
LET G be the common Center of Gravity of the Body, or of the 
Aſſemblage of the Corpuſcles or Phyſical Points A, B, D, Cc. Its 
certain in the firſt Place, that the Center of Oſcillation muſt be in C G 
produc'd one Way or the other, if there is occaſion; without which, 
when the Body is come to reſt by the Reſiſtance of the Fluid in which 
it ofcillates, and the Friction that there may be about the Center of Suf- 
penſion, it would not ſtop at the loweſt Point of the Arc that denn 
1 
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it is alſo evident; that that Center of Oſcillation muſt be on the fame 
Side of the Center of Suſpenlion as the Center of Gravity, fince without 
that it cannot temain at reſt, and freely ſuſpended; which happens when 
the Line C G paſſes thro' that Center of Oſcillation, and thro' the Center 
of the Earth, (or rather thro the Center to which all heavy Bodies tend.) 
Let us ſuppoſe this Center of Oſcillation requir'd to be at &, yet without 
determining whether the Point O be within or without the Body; it is 
evident, that ſince the Corpuſcles are join d together, whether by their 
ſwinging they deſcribe great or ſmall Arcs, their Velocities will always be 
propottionable to their Diſtances from the Axis of the Vibration; and con- 
ſequently thoſe Diſtances will expreſs their Velocities in all poflible Caſes. 
Thus the Momentum or Quantity of Motion of the Corpuſcle A will be 
as CA x A; and for the fame Reaſon, that of B, will be CB « B; 
and that of D, will be CD * D, and fo of the reſt, if you ſuppoſe a 
greater Number of Points or of Corpuſcles. 3 

Now as all the Momenta act at different Diſtances, to know the Sum 
of their Forces, you muſt reduce them, of as it were transfer them one 
after another into a Point, which ſhall be the Point o, which you ſeek, 
(by its Definition.) Thus fince the Momentum of the Corpuſcle A acts 
upon the End of an Arm of a Leaver, ſach as CA, that Momentum 
carried to ©, that is, the Momentum which would be felt at O, by 
means of that of A acting at A, muſt be the ſame as a Momentum that 
would be capable of making Equilibrium with the Momentum of A. 
And it is plain by the Principles of Mechanicks, that that Momentum 
muſt be to that of A, in a reciprocal Ratio of their Leavers, or their 
Diſtances from the Axis; and conſequently it will be found equal to the 
fourth Term of this Analogy CO:CA::CA xA 87 x A. For 
the ſame Reaſon the Momenta of the Corpuſcles B and D, &c. being 
carried to G will be , ang D Sc. AndthustheirSotn, 
or the Momenta of all their Particles A, B, D. Sc. which is felt at, or is 
ſuppos d tobe carried to O, will be, -A EB: xB+CD2x D, ogy, 


O 

No let us ſeek what is the Quantity of Matter, or the Weight which 
being placed at & (and conſequently when all the Body is in Motion, a 
Velocity proportionablo to C O) ſhall have as much Momentum, or 
Quantity of Motion, as that which is felt at O by the Action of the 
Momenta of the Patticles A, B, D, &c. and whoſe Expreſſion we have 
juſt found. It is certain, that if G be the common Center of Gravity 
of the Corpuſcles, theit whole Quantity of Matter, or their Weight 

Vor. II. Aaaa being 
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being ſuppos d concenter d at G, and having a Velocity as C G, would 
have the ſame Momentum, or a Momentum equal to the Sum of the 
Momenta of all the Corpulcles: and it is not leſs certain that a Quantity 

of Matter or Weight plac d at O, (which would have; with a Velocity as 
O, the ſame Momentum as the whole Matter at O with the Velocity 
CG) muſt be to the Matter concenter'd at G, or to the Weight of the 


whole Body, ot of the Aſſemblage of the Corpuſcles A, B, DI Sc. in 
a reciprocal Ratio of their Diſtances from the Axis of Oſcillation: you 


will chen have for the Expreſſion of that Weight, the fourth Term of 


this Analogy .C'O:CG::A+BFD, Tc. : £G x4 HB 4D. of 
Or that Weight multiplied by the Velocity that it has at O, (which is as 
C O) gives for the 1 of a Momentum C G * A, B +ÞD, G.. 


which muſt be preciſely equal to that which we have deduc d from the 
firſt Reaſoning. Thus ſince we have two Expreſſions for the Sum of 


the Momenta which are felt at O, we ſhall have this Aquation 


CG DDr.. Dr... 


To = whence 
a 12 | _CA: > A+CP + CM: xD Fo 
is drawn this Expreſſion CO= =—g3tgztio ag One might 


alſo have found the Diſtance CO another Way; for as ſoon as you hare 
found the Weight where a Quantity of Matter, which being plac'd at O, 
has the ſame Momentum, with a Velocity as C O, as all the Corpuſcles, 
A, B, D, &c. where they are placed with their reſpective Velocities; 


namely, £< x2 ++ — you need only divide by that Weight or 


Quantity of Matter the Expreſſion of the total Momentum felt at O, al- 
ready found, and the Quotient will give the Velocity of the Point O, 
or rather the Diſtance of the Axis, vig. C O, ſince the Velocities have 
always been expreſs d by the Diſtances of the Axis, which gives exactly 


the ſame Expreſſion.— Now if inſtead of any Force, we ſuppoſe Gra- 


vity to give Motion to this Body, or Aſſemblage of Corpuſcles, it will 
vibrate as if it was wholly concenter'd or redue d to O, as we have juſt 
demonſtrated it. That is, that one only Cotpuſcle placed at a Diſtance 
of the Axis of Vibration, that ſhall be C O; will perform its Vibra- 
tions in the ſame time as the Body performs its Vibrations: and conſe- 
quently the Point O found by tho Expreſſion before ſaid, is the true 


Center of Oſcillation. And therefore, generally theDiſtanceof the Center 
of Oſcillation from the Axis of Vibration is equal to the Product of. the 
Sum of the Squares of the Diſtances of all the Phyſical Points of the 
Body multiplied by a very ſmall Portion of that Body, ſuch as is con- 


ceiv'd 


7 
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ceiv d to be in one of his Phyſical Points, divided by the Product of the 
Weights, or of the Quantity of Matter of the Body multiplied by the 
Diftance of the Center of Gravity from the Axis of Vibration. | 
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Wi have ſuppos d in this Demonſtration, that all the Weights or all 
the Corpuſcles are on the fame Side of the Center of Gravity; but the 
Demonſtration, or its Formule, is not the leſs general: for if we ſup- 
poſe Weights to be on both Sides of the Center of Suſpenſion, the more 
the Quantity of the Weights, or of the Matter on each Side of the 
Center of Suſpenſion comes near to an Equality, the leſs will be the Di- 
tance C G of their common Center of Gravity: ſo that if there be as 


many Weights on one Side as on the other, the Diſtance CO will be = 
. And conſequently the Denominator of the Expreſſion being then 
equal to o, the Quantity CO, or the Diſtance of the Center of Oſ- 


cillation will be infinitely great ; which agrees with Experience, becauſe 
then the Body will not vibrate at all, but remain in any Poſition in which 
it is plac'd about irs Center of Suſpenſion. a5 

THERE are two Things to be obſerv'd, which the Courſe of this 
Demonſtration furniſhes us with; the firſt is, that the Sum of the Mo- 
menta of all the Particles of a Body, where the total Momentum 
that acts, or is felt at the Center of Oſcillation, is equal to 


C GR AT BV D, Sc. That is, to the whole Weight of the Body 
multiplied by the Velocity of the Center of Gravity; ſo that all the Mo- 
menta act, or are felt at the Center of Oſcillation, which conſequently 
will be alſo the Center of Perciſſiun; that is, the Point which would give 
the greateſt Stroke poſſible; but this is only in the Caſe where it is the 
Center of Oſcillation that ſtrikes an Obſtacle. Es 
Tur other Thing to be obſerv'd, is, that the Forces that equal Bodies, 
(ſuch as the Corpuſcles A, B, D, Sc. have been ſuppos'd to have, be- 
cauſe they are ſuppos'd to be felt at the Point ©, where they are all col- 
leed) are to one another as the Squares of the Diſtances from the Axis 
about which they are mov d or vibrate. Theſe two laſt Remarks are of 
great Uſe in the Calculation of Machines, or of the Force of Bodies which 
move round a Center. 5 
To give the Application of the Rule which we have juſt demonſtrated, 
(the ſame which Huygens has given) we muſt enter into Subtilties of the 
Doctrine of Fluxions and Fluents, which would not be proper here, and 
would be uſeleſs to thoſe who are not acquainted with that Doctrine. It 
will be ſufficient for thoſe who do underſtand it, to take Notice, That 
in order to determine the Diſtance of the Center of Oſcillation from 
Aaaa2 <« the 


* 


„ the Vertex of the Triang 
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ee the Axis af Vibration, a more convenient, and even a ſhorter manner 
(0 than Mr. Huygens, they muſt begin by making themſelves Maſters of 
the Truth of the two following Lemmas, vg. that in a rectangular 
Triangle, whoſe Baſis is horizontal and Perpendicular vertical, (callin 
the Baſe = b, and the Perpendicular = a) the Sum of the Squares 
« of all the Lines that it is Racy to draw, or to conceive drawn from 


e upon the Baſe, will be preciſely equal to 
« this Expreſſion aab+ 486656. < ON 
« Tux other Lemma abſolutely neceſſary for finding the Diſtance of 
the Center of Oſcillation of Spheres, Spheroids, Conoids, Cylinders, 
« Cones, &c. (ſome or moſt of whoſe. Sections are Circles) is reduc'd 

to this The Sum of the Squares of the Diſtances of all the Points of 
a Circle from an Axis of Oſcillation conceiv d in a Plane parallel to the 
Plane of the Circle (calling the ſhorteſt Diſtance from the Center of 
the Circle to the Axis 4; the Radius of the. Circle, == 7 ; and the 
ce Surface of the Circle C) will be ag fr r XC.“ 

By means of theſe two Lemmas, and the Doctrine of Fluxions and 
Fluents, you will find the Diſtance of the Center of Oſcillation in the 
Sphere, the Cylinder, &c. exactly the ſame as Huygens has given it in 
his Treatiſe de Horologro Oſcillatorio, to which 1 muſt refer the Reader, 
who has a mind to examine the Matter more fully. I ſhall only add 
here, that according to thoſe Rules the Center of Oſcillation of a Sphere 
ſuſpended by a Point of its Surface will be * of the Radins below the 
Center of that Sphere, or at , of the Diameter from the Center of Suſ- 

enfion. | 3 
Ir the Ball or Sphere be tied to a Thread, the Diſtance of the true 
Center of Oſcillation will be found in all poſſible Caſes, by the following 
Analogy. | 5 5 | 
As the Diſtance between the Point of Suſpenſion and the Center of 
the Ball : 3 | 
Is to the Radius, or Semi-Diameter of the Ball:: 
So will this fame Radius be : | 
To the third Proportional : 

Which will be the fourth Term of the Analogy. _ 

Tr = of this fourth Term; that is, the fourth Term multiplied by 
2, and divided by 5, will give the Diſtance of the Center of Oſcillation 
below the Center of the Ball, which being added to the Diſtance of that 
Center from the Point of Suſpenſion, will give the true Length of that 
Pendulum. It follows from this, that if the Body of the Pendulum be 
very ſmall in reſpe& to the Length of the Thread, or the Thread be ſup- 
pos'd very long in reſpe& to the Diameter of the Ball of the * 

* e 
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he Center of Ofcillation (in that caſe only) will coincide with the 


Center of Gravity, or Magnitude of the Sphere or Ball. 

Br the ſame Rules we find that if aCyligder be made to oſcillate about 
one of the Diameters of its upper Baſe, (calling the Height or Length 
of the Axis of the Cylinder = a, and the Radius of the Circle of its 
Baſe r), the Diſtanoe between the Center of the ſuperior Cirele and 
the Point of the Axis, which is the Center of Oſcillation of the Cy- 
linder will be 4 @ +\ > ;-whence it follows, that if the Cylinder is re- 
dac'd to a right Line conceiving its Diameter or Radius = a, — 


becoming then == 7 == 0, Thus the Diſtance of the Center of Ofcilla- 
tion of a right Line that oſcillates round one of its Ends, will be at + of 
the og ECT A ea ate: 3 

N. B. As moſt People who apply themſelves to theſe kind of Calcu- 
lations begin with reading Mr. Carr's Book, call'd Methode pour la Me- 
ſure des Surfaces, &e, Iwould have them take Notice, that the Book is 
very good upon all the other Subjects that it, treats of, except that of the 
Center of Olcillation, Which the Author has determin'd with Exactneſs, 
but only in the four firſt Problems of the fourth Section: and thus they 
muſt not be ſurpriz'd if they find that Monſ. Carre, gives other Diſtances 
than the true, (ſuch as of the Diameter, or + of the Radius below the 
Center) for the Diſtance of the Center of Ofcillation of a Sphere, 'ſuſ- 
pended by a Point of its Surface; and of the Axis of the Cylinder; as well 
as of the right Line, whatever be the Diameter of the Baſe: which is 
contrary to Experience as well as Reaſoning ; ſince it is eaſy to compre- 
hend that Cylinders of different Diameters, tho' of equal Heights, will 
not oſcillate equally, and like a right Line, or a very fine ſtrait Wire of 
the ſame Length. Thus Mogf.:Carre's Readers mult ſtop after the four 
firſt Problems of the fourth Section. 


War of Room hinders me from faying much more upon this Sub- 


ject, yet I will add three Problems that I have found very uſeful upon 


many Occaſions; and which. ſuch of my Readers who are only vers'd in 
common Algebra, will be glad to find here: and thoſe who do not un- 
derſtand the 47 3 — may yet make Uſe of the Concluſions, bein 1 
not to be deceiv'd, becauſe the whole is built upon Mr. Huygens's Rule, 
which we have demonſtrated. above, and. from which we have drawn 
theſe Conſequences mathematically. p 
| ops PROBLEM 
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. ere 4: e ee 
The Length of a Pendulum taken betiveen the Center of Suſpenſion ani 


that of Oſcillation being gi ven it is requir'd to find the Length that muft 
be fix'd between the Point of ' Suſpenſion” and the” Surface” of the Ball, 


- 


(whoſe Diameter is given) that the Center of Oſcillation of © the Ball may 
be at the Diſtance given from the Point of Suſpenſion. © © | 


Let the Length of the Pendulum given be = b. 
The Length requir d = Xx. 
The Radius of the Ball = x. | 
By what has been ſaid above it muſt be - + + 17015 = 2 
Therefore 5 * * + 10 xr + rr =I +5 77 whence is 
drawn g * x + 10x 7 — 5gxb= 5rb—7rr; and dividing by g 


pr +57} x = 7.6 , and ſubſtituting — 2 © inſtead of + 


3 

271 -, and d inſtead of F þ — £3 you will have 
„* * - 24 ⁰ d, andxx—2cx+ct=d+cc; whence we 
draw x -c = + d+ccqandx=yJ% 0+ Which was to 

be found. | | 
Tnus if you would find what Length muſt be given to a Thread tied 
to a Ball of an Inch Diameter, that it may vibrate half Seconds; we 
(hall have here r = 0,5, and b = 9,782, 27 —b = — 2 ill be 


= = 8,782; therefore c =.4,391, and r — will be = 4 = 


4,541, and x will be = / 4,541 T 19,2888 4,391, which you 
will find equal to 9,271 Inches for the Length ſought. | 
PRO EMDINd in the fame manner for a Ball of half an Inch Dia- 
meter to make it ſwing half Seconds, all will be in the fame manner ex- 
cept 7, which will then be but equal to o, 25 Inches; and you will then 
find the Diſtance requird = 9,425 Inches. It is well to obſerve, that 
if you make uſe of a Thread to make a Pendulam, the Alterations of the 
Air will often change x, the Length of the Thread, without you mea- 
ſure it often: therefore to have in Practice Pendulums to ſwing half Se- 
conds or quarter Seconds exactly, it is better to uſe a little cylindrick 
Broach drawn in a Wire-drawer's Tool, to make it of the ſame Dia- 
meter all the Way, which muſt be filed as in the Figure, fo that there 
may be alittle Hole quite at the Top, that it may make its Vibrations 
upon a ſmall Axis well poliſh'd, ſo placed as to be a Diameter of the 
upper Baſe of the Broach or Cylinder, The Length of the Broach 25 
' tain 
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tain'd between the middle of the Hole at T op, andthe Bottom of the 
Broach; will be found by the following Problem. 


« 


. 5 ar 
The Diameter or Radius of a cylindrick Bar being given, which is 
fupposd to perform its Variations about one of the Diameters of its upper 


Baſe, it is requir'd to ſind how long the Bar muſt be that the Center of 


Oſcillation may be at what” Diſtance you will from the Point of Suſ- 
penſion. | 

Let the Length of the fimple Pendulum, or the Diſtance from the 
Center of Oſcillation to that of Suſpenſion be = 9. 

The Radius of the Broach or cylindrick Bar r. 

And the Length of the Bar ſought for that Purpoſe = x; 


We have already ſaid, that then 7 + — l, therefore 


e 
2x11 


— = 34, and 4xx+3rr7=6ax, and by Tranfpoſition 
4xx—0@ax= ze; therefore x x, - Lax=—+r 7, 


a aa . ' 
and * * — = * + 2 = — — +r 7, whence is deduc'd 


x—ta=V. 25% hand laſtiy x =" = —+ pp ++ 0. 

Now let us ſuppoſe that it be required to know the Length of a cylin- 
drick Bar, whoſe Diameter is 5 of an Inch, which ofcillating by its 
End muſt ſwing half Seconds; that is, that here — = o, 1, and a 
9,782 Inches, you will have a@ 95,687 524 Inches, 9 4 4 = 


944 


86,187716 Inches, and g == 53, 824232 Inches, and rr, ol, and 


„ 10075, and thus VIE 20 e ze 
Wherefore x =, 308 + + a, or becauſe a= 9,782, + a= 73365, and 
conſequently according to the Expreſſion above x ——.— N44 


the Length requir'd will be 7, 308 +.7,3365 = 14,6445 Inches. 


Ir we wanted the Length of a Broach of the ſame Diameter, which oſ- 


cillating'by one of its Ends ſhould ſwing quarter Seconds, then we ſhould 
have a=2,44 5 5 Inches; s, 1 as before, andaa= 5,98047029 Inches, 


and 94 @ = 53,82423225, and _ = 3,36401451, and + fr = 


007 75. Therefore 7225 — rr. 3,3569 14510 which is 


equal to 1,832 Inches; which being added to + @ = 1, 834125, gives 
for the requir'd Length of the Bar for the Pendulum to ſwing quarter 
Seconds 3,66622 5 Inches. | Sl 
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Arbe Bottom f Page 446." after Line 3 5. lend. 
I was diſcourg'd from publiſhing my Celidography in my firſt Volume. 
by ſome of our Aſtronomers, who call'd in queſtion Bianchini's Diſcove. 
ries; but our worthy Preſident Martin Folkes having acquainted me 
that Signior Bianchini, whom he knew very well, was tog accurate to 
make any Miſtakes in Aſtronomical Obſervations, and too honeſt to 
publiſh any Thing that was not exactly agreeable to Truth; I have 
thought proper to publiſh it here. | a WE 


A DissxxTATTH concerning the Planet Venus, according ts Bian- 
chini's Diſcoveries, as it is repreſented by Clotk-work in a Planetarium. 
By the Author. F „ 


H E Revolution about the Sun is as before known, viz; near 22; 
n „„ 8 
Tur Revolution about her own Axis is 24 Days, eight Hpors; and 
JJ ET TT CHOIR 4 
Tux Terreſtiral Globe for Venus has theſe Remarkables:- © + 
1. Tur Angle of the Axis with the Plane of the Ecliptic is 15 Deg. 
'2. TuRE Tropicks are 15 Deg. from the Pole, or 75 from the 
Equator. I | ' 3 260% ee 
3. Tux Polar Circles are 15 Degrees from the Æquator, or 75 from 
the Poles. | ity ebe Var vat £ | 
4. The Plane of a Solar Horizon for the longeſt Day cuts the Plane of 
the Equator at an Angle of 15 Degrees. PE 
5. Tur Sun's greateſt Declination is 7 5 Degrees. 
6. THERE are but 9 Days in every Revolution round the Sun. 
7. To bring the Days to an even Reckoning, every fourth Year muſt 
be a Leap Year; which, taking in the four Quarters of a Revolution, 
will make the Leap Year in Venmt conſiſt of ten Venereal Days; equal 
to ſeven 4 Months of our terreſtrial Time. f 
8. Tur long Day for the North Pole will contain 4 apparent 
diurnal Revolutions of the Sun. Tho' in ſtrictneſs to one ſtanding on 
the North Pole, every Point of the Horizon is to the South; yet let us 
fix a South Point, and that will ſettle the other Cardinal Points for this 
Poſition of the Sphere. Be that then call'd the Meridian which goes thro 
the Sun, and the Zenith when it is higheſt, and the Place where it cuts the 
Horizon call'd the South: this will determine the Eaſt and Weſt, and 
North on the Horizon. Then will the Phænomena be as follows. 
Tur Sun will rife 22 Degrees on the North of the Eaſt, in an An- 
gle of ſomething under ten Degrees with the Horizon, and moving in a 


5 | Spiral, 


# F s } 


— 


iral, after it has adyanc'd 1124 Degrees, (to be meaſur d upon the 
Hasse it will paſs the Meridian at an Altitude of ten 3 then 
making one entire Revolution, it will paſs the ſame Meridian at an Alti- 
tude of 42 + Degrees: making another Revolution, it will again paſs the 
Meridian, as it culminates, at an Altitude of 75 Degrees, or 15 Degrees 
from the Zenith: thence it will deſcend again in the ſame Spiral, and in 
its Deſcent croſs the Meridian at the Height of 42 + Degrees; and laſtly, 
making its fifth Revolution, croſs the Meridian at the Height of ten De- 
grees; and, going on 112 +, ſet at a Northern Amplitude of 22 + 
Degrees. | 

9. Tux Phenomena at the South Pole will be mutatis mulandis, the 
ſame as theſe, | | 

10. Now let us ſuppoſe the artificial Globe repreſenting Venus recti- 
fied for a Place on the Tropick, where the Sun is vertical at its greateſt 
Northern Declination in the Colure of Solftices; when a Solar Horizon, 
whoſe Pole is in the Solſticial Point is alſo the rational Horizon; and let 
us call that Colure the Meridian, then we ſhall obſerve the following 
Phenomena. | 

Tus Sun will riſe witha Northern Amplitude of 7 Degrees, and al - 
ways moving in a viſible Spiral (in this and all other . Poſitions of the 
Sphere) come to the Meridian the firſt time with an Altitude of 25 De- 
grees ; then, without ſetting, come the ſecond time to the Meridian in 
an Altitude of 57 + Degrees ; next, the Sun will come to the Meridian in 
the Zenith, for the third time ; the fourth time it will paſs the Meridian 


with an Altitude of 57 + Degrees; the fifth time it will paG it at the 


Height of 25 Degrees, and at laſt (et with a Northern Amplitude of 7 4 
Degrees. The other half Year for this Place will be Night. 

11. For the other, or Southern Hemiſphere, the Place in the Tro- 
pick where the Sun is vertical at the Solſtice, will have the ſame Phæ- 
nomena, except that the Colure of the Solſtices will not be in the ſame 
Meridian as it was on the other Side, but 45 Degrees more to the Welt, 
N. B. In a Year the Soliſtical Points in the Hemiſphere advance go 
Degrees. So that tho' the Spiral in which the Sun's apparent Motion is 
perform'd, be of the ſame ſort every Year of Venus, yet it will not be 
the very fame, (that is, the Sun will not paſs vertically over the ſame 
Places) till four annual Revolutions of Venus are compleated. 

12. Tux Phænomena in the Æquator will not be the ſame in every 
Degree of it, becauſe the Day is ſo great a Part of the Year; we will 
therefore here conſider two Places of it. The firſt ſhall be that Place 
which is cut by a Colure paſſing thro the Solſticial Point in the Nor- 
thern Tropick; and there the Phænomena of the Sun ſhill be as follows, 

Vor. II. | Bbbb When 
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When the Sun is in the Northern Signs, it will riſe the firſt Day with 


13 Degrees of Northern Amplitude, then come to the Meridian with ten 


rees of Declination, or an Altitude of 80 Degrees: going on in the 


Spiral, it will ſet with 18 Degrees of Northern Amplitude. The next 


Day it will rife with 35 + Degrees of Northern Amplitude, come to the 
Meridian with 42 + Degrees of Declination, (or an Altitude of 47 : De. 
grees) and ſet with 50 * Degrees of Northern Amplitude. The third 

Day the Sun will rite with 67 Degrees of Northern Amplitude, come to 
the Meridian with a Declination of 75 Degrees, (which is its greateſt 
Declination, and at which time the Meridian Altitude will only be of 
15 Degrees) and ſet with a Northern Amplitude of 67 Degrees, coming 
back towards the Æquator. The fourth Day the Sun will riſe with a 
Northern Amplitude of 50 + Degrees, come to the Meridian with 42 * 


Degrees of Declination, (or an Altitude of 47 + Degrees) and ſet with 


35 4 Degrees of Northern Declination. The fifth Day the Sun will 
riſe with 18 Degrees of Northern Amplitude, come to the Meridian with 
a Declination of 10 Degrees, (or Altitude of 80) and ſet with 3 Degrees 
of Northern Amplitude. N. B. Theſe Appearances, from 3 Degrees of 
Northern Amplitude of the Sun at its firſt Riſe the firſt Day, to 3 De- 
grees of Northern Amplitude at its ſetting the fifth Day, happen during 
+ of a diurnal Revolution more than half an annual Revolution of 
Venus. 

13. Tur ſame Phenomena will happen, mutatis mutandis, when the 
Sun is in the Southern Signs. | 

14. Tux Phenomena of that Place on the Æquator, where the Sun 
is in the Zenith at Noon, the firſt Day of its half Year's Progreſs, will 
be as follows. The firſt Day the Sun will rife about 8 + Degrees 
South of the Eaſt, come to the Meridian in the Zenith with no Decli- 
nation, and ſet about 8 + Degrees to the North of the Weſt, The ſe- 
cond Day it will riſe with 24 + Degrees of Northern Amplitude, come 
to the Meridian with 32 + Degrees of Declination, (or 57 + Degrees 
high) and ſet with 40 + Degrees of Northern Amplitude. The third 
Day the Sun will riſe 56 Degrees of North Amplitude, come to 
the Meridian with 65 Degrees of Deelination, (or 2 Degrees high) and 
ſet with 73 + Degrees of Northern Amplitude. 'The fourth Day the 
Sun will riſe with 62 4 Degrees of Northern Amplitude, come to the 
Meridian with 52 + Degrees of Declination, (or 37 + Degrees high) 
and ſet with 40 + Degrees of Northern Amplitude. The fifth Day 
the Sun riſes with about 27 Degrees of Northern Amplitude, comes 
to the Meridian with 20 Degrees of Declination, (or an * 
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of 70 Degrees) and ſets with about 12 Degrees of Northern Am- 


plitude. 


Tuis happens when the Sun is in the Northern Signs, and the ſame, 


mutatis mutandis, when it is in the Southern Signs. 


From all this it appears that there can be no right Sphere, af 


parallel Sphere on this Globe; the Sun's apparent Motion being very 


oblique to an Obſerver at the Pole, or at the Aquator, as well as in | 


any other Place. | | 

15. In reſpe& to the annual Motion, the Sun will appear to go thro' 
every Sign of the Zodiac in 18 Days, and near + of our terreſtrial Days, 
which make a little more than + of one Venereal Day. 

16. Ir it be allow'd me to conſider final Cauſes, I beg leave to make 
the following Conjecture. 


Query, May not the Inclination of Yenus's Axis, and the odd 


Number of 9 + Days in its annual Revolution, which give the Sun 
ſo great, and ſo quick a Declination, be order'd to prevent the too 
great Effect of the Sun's Heat, (which according to Venuss nearer 
Diſtance, muſt be twice greater than it is upon the Earth) by prevent- 
ing the Sun from ſhining perpendicularly over the ſame Countries two 


Days together ? For here the Sun appears to have the ſame Track but 


once in four Years. Beſides, the Nights being longer, give the heated 
Soil of the Planet Time to cool. 

Ir we compare this to Jupiter, and conſider it in this conjectural 
Way, we ſhall find the Situation of its Axis, and Quickneſs of its Revo- 
lution about it properly contriv'd for increaſing the Effect of the Sun's 
Heat, whoſe Quantity is much diminiſh'd on account of its Diſtance. 
The Heat of the Sun at Jupiter is but £ Part of what it is at the 
Eatgh; but then as Jupiters Axis is perpendicular to its Ecliptick the 
Sun ſhines perpendicularly, or nearly fo, on the greateſt Part of Jupiters 
Surface, ſo that by its conſtant ſhining over the ſame Place, it muſt in 
time ſufficiently warm it; and, perhaps, Jupiter's Belts are Vapours 
rais'd out of its heated Soil. The quick Revolution of Jupiter about its 
Axis, which makes the Day ſomething under five Hours long, does not 
give thoſe Parts which have been heated by Day, Time to cool too faſt by 
Night. If it be alledged that near the Poles of Jupiter it muſt be very 
cold, it may be -anſwer'd, that the Sun ſhines upon them every Day, 
which is not the Caſe on our Earth, where the Nights are half. a Year 


long: and perhaps the Polar Parts may be inhabited by Animals different 


from thoſe that live in the torrid and temperate Zones. 
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Air changed, purified, and conveyed from Place to Place, 
W by the Author. 


HE Reverend, Learned, and Ingenious Dr. Stephen Hales has 
lately publiſh'd a Book call'd TE VenTiLaToRs; wherein he 
deſcribes ſeveral kinds of Bellows of his Invention, which he re- 

commends to publick Uſe for purging of foul Air, and giving freſh Air 
to Ships, Priſons, Hoſpitals, &c. which if made ufe of will fave the 
Lives of Thouſands, who periſh every Year by breathing unwholeſome 
Air only. 1 hope he will be rewarded as he deſerves for ſuch a noble 
Propoſal: or if he finds a Combination againſt him to defeat it, (as I have 
found upon the fame Occaſion) he till will be commended by wiſe and 
good Men, who wiſh well to the Publick, and that is a Reward in the 
midſt of Diſappointment. As I have made Experiments theſe 28 Years 
upon the purifying of Air, conveying it from one Place to another, and 
changing it for the Advantage of thoſe that breathe it in cloſe Places tothe 
Detriment of their Health; and till (to uſe the vulgar Expreflion) have 
been yockey'd out of my Proje : I ſhould have thought it a ſufficient Re- 
ward if the Doctor had mention'd, tho' ever fo lightly, that I had maar 
ſome Experiments that Way ; nay, tho' he had faid that my Machine, or 
Blowing-Wheel, (which he had at Teddington to make Trial of) did not 
blow near ſo ſtrong as his Bellows, and therefore muſt be much worle; 
tho' my Intention by that Machine was to give freſh Air to fick People 
inſenſibly, and therefore I made it but of half the Diameter of the 
Wheel, which is over the Houſe of Commons, and conſequently of the 
eighth Part of that, which conveys Air thro' a ſquare Bore of ſeven 
Inches at the rate of a Mile in a Minute. I believe the Doctor was in 
ſuch Haſte to-publiſh his VENTiLAToRs, that this Omiſſion was pure 
Forgetfulneſs; for he mentions me in other reſpects; and is fo far from 
aſcribing the whole Invention to himſelf, that he ſays, that ſomething 
like this Method is made uſe of in Sweden. bs 
HE 


POSTSCRIPT. 

Taz only Inconveniency I find, is, that I am obliged now to pub- 
liſh an Account of the principal Experiments I have made upon this Sub- 
ject ſince the Year 1715; leſt I ſhould be look d upon as a vain Boaſter, 
when I ſay that I made moſt of the Experiments mention'd as made 
and propos d to be made in the VENTILATORSH: unleſs I give an Ac- 
count of Facts, and the Date of thoſe Facts. 

In the Year 1715, I tranſlated from the French a Book call'd Ia Me. 
canique du Feu, which I knew to be written by Monſieur Gauger, a 
very ingenious Gentleman of Paris, tho he conceal'd his Name. This 
Book, which I call'd Fires improv d, contain'd many Ways of bringing 
heated Air into a Room to warm it upon occaſion, by making it circu- 
late behind Jams or Sides of Braſs or Icon with which the Fire-Place is 
inclos'd, Sc. I lik d this better than the Way of Stoves, by which ſtag- 
nant Air is warm'd, and the ſame Air is breath'd over and over again, 
which is a very unwholeſome Way. Now as a Coal Fire takes up leſs 
Space than a Wood Fire; to the Author's Book, I added a Method of 
conveying the Air, that came in, round the Grate very near the Coal 
Fire, in order to warm the Room as effectually where Coals are uſed, as 
Mr. Gauger does where Wood is burn'd. But as a great many People 
are of Opinion, that there is a viviſying Spirit in Air, and that burning 
the Air would make it unfit for breathing, by depriving it of that Spirit; 
I was willing to try whether the thing was ſo or no; or whether it was 
not rather the manner of burning the Air, which made it pernicious to 
Animals, by mixing ſome unwholeſome Effluvia with the burn'd Air. 
Accordingly I made many Experiments for that Purpoſe, of which. I 
ſhall only mention a few here. To the Plate covering the Receiver of Plate 25. 
an Air-Pump, I fix d a Cock, and a curve Tube of Braſs ending in an Iron Fs. 27. 
Tube, ſo as the End of the ſaid Tube being thruſt into a red-hot metalline 
Cube might not melt, whenthe Air tobe re- admitted into the above-men- 
tion'd Air- Pump Receiver v as made to paſs into the Middle of the red-hot 
Cube, before it enter d into the Pipe. When the Air had run into the 
red-hot Cube, and then paſſing firſt thro the Iron, then the Braſs Tube, 
into the exhauſted Receiver, (the Cock at the Top of the Plate being 
open) one might eaſily lift up the Plate, burn d Air having as much 
Elaſticity as the Air that had been taken out of the Receiver before; [ 
made uſe of three different Cubes of Metal, weighing fave Pounds each, 
for theſe Experiments, in the following manner. 

Tue Iron Cube being made red-hot in a Charcoal Fire, till its Heat 
began to look white, I took it out of the Fire, and ſet it upon a Brick, 
fo as to put the Iron End of the Pipe that went to the exhauſted Re- 


ceiver near an Inch into its Hole; then turning the Cock on the "Ow 
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of the Receiver, the outward Air having been burn'd in paſſing thro' the 


Cube, fill'd the Receiver till T could take off the Plate; then putting a 
Linnet into the Receiver with a Plate over him, the Bird did not ſeem 
to be affected in half an Hour, 95 i 

I TRV the ſame kind of Experiment with a Copper Cube, and 
another Linnet was not affected with the Air burn'd this Way. 

I Tky'D a Braſs Cube, not above half ſo much heated, as the Tron 
of the Braſs one had been, and I did not find that another Bird of the 
fame kind, receiv'd any Damage: but upon heating the Braſs Cube again, 
*rill its Corners began to melt, the Air was ſo infected with the Steam of 
the Lapis Calaminaris, that another Linnet being put in, died in two 


Minutes. | 


THren I took the Iron Cube, and put it into a Chafing- diſh of Char- 
coal, ſo that the Air could not paſs into the exhauſted Receiver, without 
firſt going thro' the burning Charcoal; another Bird put into the Air 


thus foul'd, died in an Inſtant, and a Candle let down into this Air, 


went out immediately, clearing about an Inch of that Air; another 
Piece of lighted Candle was let down a little lower, purging the Air as 
low as it went, till five or fix Pieces of Candle ſucceſſively let down, 
purg'd the whole Air; ſo that another Bird was let down then without 
receiving any Hurt. "A | 

Wurd the Air was let in thro' the Flame of Spirit of Wine, before 
it went into the red-hot Cube, it prov'd as mortal to a Bird as the Time 
before. 

Tur Way that Mr. Hawk/bee made the Experiment formerly, was in 
the following manner: He took a Piece of Braſs of the Shapeof a Vinegar 
Cruet, and having bor'd a Hole, down the Neck of it as far as the larger 
Part, plac'd it in a Chafing-diſh of burning Charcoal, having thruſt into 
it the Pipe that came from the exhauſted Receiver, which Pipe being 
of Braſs, he ſecur'd from melting to the Braſs Lump, by Pieces of Iron 
Wire thruſt in between the Pipe and the Lump. Upon openingthe Cock 
to let the Air into the Receiver, it is plain that this was not meerly burn- 
ing of the Air; but driving in along with it the Steams of the Charcoal 
and the Braſs. 

Tue late Mr. Worfter having read of burning Air, but not of my 
Method of doing it, immediately declar'd againſt the new Contrivance 
that Icountenanc'd, without having read my Book; for I won't ſup- 
poſe that he could declare fo poſitively againſt my Method of warming 
Rooms, if he had read my Account of the fore-mention'd Experiments. 
The vivifying Spirit, which he ſaid was contain'd in the Air, was only 
an Aſſertion of his own without Proof; for Dr. Hales has ſince ä 
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that there is no ſuch thing as that viv:/fying Spirit. Some other People 
have as raſhly determin'd againſt my Method. 
Tuo meerly burning the Air does not make it worſe for breathing, 
and we know that Lightning purifies it, by burning away a gout many 
of thoſe ſulphureous Particles that often float in too great Plenty in the 
Air: yet to avoid all Objections, I never brought in the Air thro' red- 


hot Pipes paſſing thro the Fire; but (tho' I was oblig'd to bring my 


Conduit for the Air round a Sea-Coal Fire much nearer together than 
Mr. Gauger did round his Wood Fires, which took up more Room than 
a Coal Fire) yet I always made my Tubes to bring in the Air of Plate 
Iron, (found to be innocent by Experiment) and of five or fix Inches 
Diameter: ſo that this Air was no more heated than it would have been 
by a Summer's Sun; and the Air introduc'd came immediately from 
without Doors: fo that the whole Air of the Room was often chang'd in 
a Quarter of an Hour, and had none of the old Unwholeſomeneſs and 
Inconveniency of a German Stove ; where the ſame Air is heated, even 
to the Suffocation of thoſe that are not uſed to it. 

His Grace the Duke of Chandos has had two of theſe Machines 
about five or fix and twenty Years in his Library, and never found any 
Inconveniency from the Uſe of them; as alſo twenty or thirty Perſons 
more, who had them from the Beginning of my applying the In- 
vention. | | 

Now as I took ſo much Pains and Care, and was at ſome Expence 
to make this Management of Air uſeful, I can't help complaining of 
thoſe that endeavour'd to defeat me in it. | 

A Man who came from France, without knowing any thing of 
Mr. Gauger's Contrivances, but pretending to be the Author of his Book, 
(becauſe it had no Name to it) got my Tranſlation of Gauger's Book, 
and carried it to a famous Brazier, to inſtru him how to make one of 
the Machines for his Grace the late Duke of Kent, for whom he had 
promis'd to ſet up one; and coming to me to get more Light into the 
matter, ſhew'd me the French Book, which he faid he had written: 
but upon my calling him Mr. Gauger, (having never ſeen that Author) 
he told me then he had only written the Book jointly with Mr. Gauger; 
and I found, upon Trial, that he could not read three Pages of the 
Book together. Notwithſtanding this, he had the Impudence to apply 
to Count Bothmar, and to Monſ. Robethon, to repreſent him to his late 


Majeſty as a poor ingenious Man, who had found out a noble Inven- 


tion, that deſerv'd a Patent, which he could not pay for. | 
His Majeſty and thoſe Gentlemen were ready to pay for the Man's 
Patent; but when I heard of it, I thought it hard that I ſhould by that 


means. 
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means be excluded from an Invention, that Monſ. Gauger had given 
the Publick in French, and I had fince publiſh'd in Engliſb with Im- 
provements: and therefore, tho I was offer d half the Patent without 
any Expence, I rejected it. | | 

In the Year 1720, with my Workman William Vreem, I contriv'd 
ſeveral Methods of drying Malt with hot Air, but deferr'd getting out the 
Patent forthe Invention, 'till Icould, by proper Experiments, demonſtrate, 
that it would be an Advantage to the Trader, as well as to a Gentleman, 
who might make Beer with that fort of Malt out of Curioſity, In the 
mean time Captain Buſby, a Buckinghamſhire Gentleman, _ inform'd 
himſelf of me of my Experiments, and told me, that having a Kiln in 
Buckingham ſhire, if I would lend him my Workman, he would make 
ſome further Experiments, and acquaint me with the Succeſs of them, 
I did ſo: and the next News I heard about it was a Letter from him, 
to acquaint me that he had found out an excellent Method of drying 
Malt by hot Air; for which he had ſet up a Subſcription, and I might 


be welcome to take as many Shares as in it as I pleas'd, paying for them 


the rate of other People. I made no Anſwer to ſuch a Propoſal ; but 
heard in a little time after, that he had gain'd twenty thouſand Pounds 
by his Project, and loſt it again in the South-Sea. | 

In the Year 1723, I apply'd this Invention to the clearing the Houſe 


of Commons of foul Air, which I did in the following manner: 


At each Corner of the Houſe in the Cieling. there is a Hole which 


was the Bottom of a truncated Pyramid going up fix or eight Feet into 


the Room over the Houſe, ſet up by Sir Chriſtopher Wren, to let the 
Air (made foul by the Breath of ſo many People, and the Steam of the 
Candles when uſed there) go out; but it ſo happen'd, that when the 
Tops of the Pyramids were open'd, the Air above being colder, and con- 
ſequently denſer, puſh'd down with Violence into the Houſe, and be- 
came a Nuiſance to People that fate under thoſe Holes. I caus'd two 
Cloſets to be built at each End of the Room above the Houſe of Com- 
mons between two of the Pyramids above-mention'd; and leading a 
Trunk from thoſe Pyramids to the ſquare Cavities of Iron, that went 
round a Fire Grate fix'd in the Cloſets; as ſoon as a Fire was lighted in 
thoſe Grates about Twelve o'Clock at Noon, the Air came up from the 
Houſe of Commons thro' thoſe heated Cavities into the Cloſets, and fo 
went away up their Chimneys. 

Mxs. Smith, the Houſekeeper, who had Poſſeſſion of the Rooms 
over the Houſe of Commons, not liking to be diſturb'd in her Uſe of 
thoſe Rooms, did what ſhe could to defeat the Operation of theſe Ma- 
chines; which ſhe at laſt compaſs d by not having the Fire ** 
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till the Houſe had fate ſome time, and was very hot: for then the Air 
in the Cloſets, that has not been heated, went down into the Houſe to 
an Air rarer, and leſs reſiſting, - whereby the Houſe became hotter, in- | 
ſtead of being cool d. But when the Fire had been lighted before the 4 
meeting of. the Members, the Air went up from the Houſe into the | 
Cloſets, and out of; their Chimnies, and continued to do ſo the whole. 
Day, keeping the Houſe very % 

A LITTLE after this I made the Houſe of Lords warm, by a Con- 
trivance, which, checking the cold Air that ran in from all Parts violently 
thro the Fire, and thereby ſtarv d the Backs and Legs of thoſe that ſtood 
near enough to burn their Shins, ſuffer d only ſo much to go up the 
Chimney, as Ne the Fire burning, whilſt the Teſt that was 
heated was drove back into the Houſe, Where it was diffuſed, and 
warm'd every Body comfortably. N. B. This Machine 7s dgſcrib d in 
heh of my;FiREs1MPROV'D, and is flill in uſe inthe Houſe 
of Lords. | | 

Ix the Year 1727, I contriv'd a Machine for the late Earl of Ne- 
moreland, to clear a Coal, Lead, Copper, or any other Mine, from any 
kind of Damp, be thoſe Damps ſpecifically lighter, or ſpecifically he 
vier than common Air: of which I ſhew'd the Royal Society ſeveral | 
Experiments, of which the Account is printed in the TranſaQions in the _ 


following Words.” 18 


FOR | 


An Account of Experiments with an Engine to draw Dams or foul Air 
out of Mines, by the Author; taken from N* 400. of the Tranſactions 
of the Royal Society, in the Year 1727. 


HE Engine conſiſts of a triple Crank working three Pumps, 

which both ſuck and force Air, by means of three Regulators, 
and are alternately applied to drive Air into, or draw it from any Place 
aſſign d, thro' ſquare wooden Trunks; which being made of ſlit Deal, 
and ten Inches wide in the Inſide, are eaſily portable, and join'd to one 
another without any Trouble. 
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I F1LL'D a tall cylindrick Glaſs with the Steams of a burning Candle, | 
and burning Brimſtone Matches, ſo that a lighted Candle would go | 
ont almoſt as ſoon as it was let down into it. Then fixing the | 
Trunks to the forcing Hole of the Engine, I drove freſh Air into the 
Bottom of the above-mention'd Receiver ; ſo that the foul Steam came 
out at the Top of the Receiver. 3335 
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HavinG fill'd another Receiver''(cloſe.at Top) with foul Steams, as 
before, I plac'd it in a Poſition almoſt horizontal, only with the cloſe 
End, ſomething above the open End, that the foul Steam might 
not go out of itſelf; when ſpecifically lighter than common Air. I fix d 
the Trunks to the ſucking Hole of the Engine; and by working the 
Engine drew out the foul Steams from every Part of the Receiver, às the 
Trunks were applied to them ſucceſſively. 15 123 | 
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HavinG fill'd with foul Steams, and ſet upright the cylindrick open | 
Receiver, I applied the Trunks to the ſucking Part of the Engine with 
their open End near the Bottom of the Receiver. Then, by pumping, 
the Steams were all drawn downwards, and ſo out thro' the Trunks. 


EXPERIMENT 4. * © ein 

HAavinG ſet a Candle in the cylindrick Receiver above - mention d, 
without having fill'd it with Steams, and let down the Trunks into the 
Receiver below the Flame of the Candle, I laid the wet Leather over the 
Mouth of the Receiver, leaving about half an Inch open for the Air to 
come in ; notwithſtanding which, the Candle began to dwindle, and was 
ready to go out; but working the Engine with the Trunks join'd to the 
forcing Part, the Candle reviv'd, and burn'd at laſt as well as in the open 
Air. When had left off pumping, the Flame of the Candle diminiſh d 
again; but when it was ready to go out, it reviv'd again upon forcing in 
more Air with the Engine. A 4 

Wurx Damps in Mines are ſpecifically lighter than common Air, 
they will be driven out of the Mine by the firſt Experiment. 

Wurm Damps are ſpecifically heavier than common Air, they may be 
ſucked out by the ſecond or third Experiment. 

WHEN a Sough, or Adit, is carried from a Mine to any diſtant 
Valley, to diſcharge the Water, or fave the Trouble of raiſing it quite 
to the Top of the Pit, Shafts or perpendicular Pits are generally ſunk from 
the Surface of the Earth to the ſaid Sough, to prevent the Workmen 
from being ſuffocated as they dig the Sough, and that at a great Ex- 
pence; but by ExP ER. 4. freſh Air may be driven down to the 
Workmen, to continue their breathing free and ſafe; and to keep in their 
Candles; by which means the Expence of perpendicular Shafts will be 
fav'd, | 
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IT has been found by ſeveral Experiments, that a Man may breathe a 
.Gallon'of Air in one Minute, anda Candle of fix in the Pound will burn 
nearly as long in the ſame Quantity of Air; ſo that a large Engine will 
abundantly ſupply Air for the burning of Candles and the working of a 
great Number of Men in a Mine. eee e ee e 
Tux Engines work wih a great deal of Eaſe, becauſe no Preſſure of 
Atmoſphere is to be remov d; only a Velocity to be given to one ſort of 
Air, to change it for another. a» Huy r 5A 
FIRE will not do in all Caſes, tho' in ſome it will draw foul Air 
out of Mines with Succeſs ; becauſe ſeveral forts of Damps extinguiſh 
Fire, and ſome fulminate, and are dangerous when Fire comes near 
them ; and even in common ſtagnant Air, Fire will not keep in long. 
LAROE Bellows have ſometimes been made uſe of for this Purpoſe; 


but they requite a much greater Power to produce the ſame Effect, and 


cannot have'the Advantage of being immediately chang'd from forcing 
to ſucking; neither are they ſo cheap as the. propos'd Engine, which 
may be kf made of Wood, except the Crank, which muſt be of Iron, 
and the Barrels of very thin Copper. The Crank being a Foot long, 
and the Barrels a Foot and an half Diameter, one Man may diſcharge 
about thirteen cylindrick, or ten cubick Feet, of Damp from the Bottom 
of the Mine in a Minnte. os EEE 2 hg »» 
In the Year 1736, Sir George Beaumont, and ſeveral other Mem- 
bers of the Houſe of Commons, obſerving that the Deſign. of coolinę 
the Houſe by the Fire-Machines above deſcrib'd, was fruſtrated, a 
me if I could not find ſome Contrivance to draw the hot and foul Air 
out of the Houſe, by means of ſome Perſon that ſhould entirely depend 
upon me; which when J promis'd to do, a Committee was appointed to 
order me to make ſuch a Machine, which accordingly I effected, callin 
the W heel a centrifugal, or blowing Wheel, and the Man that fun 
it a Ventilator. . „ 
Tus Wheel, tho' in ſome Things like Papin's Heſſian Bellows, 
differs much from it, being more effectual, and able to fuck out the 
foul Air, or throw in freſh, or to do both at once, according as 
the Speaker is pleas'd to command. it, whoſe Order the Ventilator 
9 to receive every Day of the Seſſions, the Wheel being ſtill in 
ule. 1 Coo Annen ens 2 1 > 
Tuis Wheel is deſcrib'd in N- 437. of the Philoſophical Tranſa#tions, 
in the following Words. Ort Os TNT 4 Ts 2þ 
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1 Acconnt of Bag ub wes or iiathing for changing the Air of the 
Room of fick People in a little time, | by either drawing out the foul 
Air, or forging in freſh Air; or doing 1 Hera vc Gn _ 
ing Doors or Windows. 


N. B. The Model of this Machine, OY by. 4 Stake of an _ to 4 Foe, 
was ſhewn the Royal Society the thirteenth Day 'of June, 1734. By 
Dr. J. T. Deſaguliers, F. R. S. 


Hg. . NE a! a Caſe DE CB, containing a Wheel of ſeven Feet 
| in Diameter, and. one Foat thick; being a cylindrical Box, 
divided into 12 Cavities by Partitions, di eted from the Circumference 
towards the Center, but wanting nine — — of reaching the Center, 
being open towards the Center, and alſo towards the Circumfetence, 
and only clos d at the Circumference by the Caſe, in Which the Wheel 

turns by means of an Handle fix d to fi Axis A,. which Axis turns in 
two Iron Forks, or half concave, Cylinders of hell metal, Tem as A, 
fix d to the upright Timber or Standard A E. 

FROM the Middle of the Caſe on the other Side behind A, there 
comes out a Trunk or ſquare Pipe, which we call the Sucking-Pipe ; 
which is continued quite to the upper Part of the ſick Perſon's Room, 
whether it be near or far from the Place where the Machine ſtands, in 
an upper or lower Story, above or below the Machine. There is a cir- 
cular Hole in one of the circular Planes of the Machine of 18 Inches 
Diametet round the Axis, Juſt where the Pipe is inſerted into the Caſe, 
whereby the -Pipe communicates with all the Cavities,z and as the 
Wheel is turn d ſwiftly round, the Air which comes from the ſick 
Room is taken in at the Center of the Wheel, and driven to the Cir- 
cumference, O as to go out with great Swiſtneſs at the Blowing · Pipe B, 
fix d to the ſaid Circumference. 

As the foul Air is drawn away from the ſick Rooms, the Air in the 
neighbouring Apartments will gradually come into the Room through 
the ſmalleſt Paſſages: But there is a Contrivance to apply the Pipes 
which go to the ſick, Room to the Blowing-Pipe B, while the Sucking- 
Pipe receives its Air only from the Room where the Machine ſtands, By 
ths means freſh Air may be driven into the fick Room after the foul has 
been drawn. out. 

* Taris Machine would be of great diet in all Hoſpitals, wt in a Priſons: 
It would alſo ſerve very well to convey warm or cold Air into any diſtant 
Room ; nay, to perfume it inſenfibly, | upon occaſion. 


Fig. 
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Fig. 2. REPRESENTS the Inſide of the Flat of the Wheel which i is 
fartheſt from the Handle, and next to the Sucking-Pipe. 

1, 2, 3, 4. REPRESENTS the Cavity or Hole which receives the 
Air round the Axis, having about it a circular Plate of Iron to hold all 
firm; which Plate is * faſt to the N and to the Iron Croſs that 
has the Axis in it. 

gg g DExnoTEs,' by a pfbek d Cirele, a narrow Ring of thick Blan- 
ketting, which (by preſſing againſt the outſide Caſe, whilſt it is fix d to the 
Outſide of the Flat of the Wheel) makes the Paſſage into the Wheel tight. 

H HH is another Circle of Blanketting, like wiſe fix'd to the Outlide 
of the Wheel, and rubbing againſt the Caſe, that the Air violently 
driven againſt the inner Circumference of the Caſe, may have no Way 
out, but at the Blowing-Pipe at B. 

THERE is on the Outſide of the other Flat of the Wheel, where the 
Handle is fix'd, a Ring of Blanketting, like H H H, oppoſite to it; 
but none oppoſite to ggg. becauſe the Wood there is not open, but 
comes Home cloſe to the Axis. 

Fig. 3. Gives a vertical Section of the Wheel and Caſe a little for- 
ward of the Axis, drawn by a Scale twice as large as that of the other 
two Figures, 

A a, the Axis ſuported by the Irons A, a, cylindrically hcliow d, 
except the upper Part, where a Pin keeps in the Axis. 

B D, the Caſe with the Sucking-Pipe 8 &. 

E A, the Prop for one End of the Axis. 1 

1, 2, the Opening into the Wheel. = | 

2g, the Eminence of the Wood, to which is fix d the Gat Ring ot 
Blanketting. 

Tux four black Marks, one of which ! is near H, repreſent the Sec- 
tions of the two other Rings of Blanketting. 


N. B. There is no need for the Blanketting n the Circumference of 
the Wheel. : 


I's the lated End of the Summer of the Year 1740, the Lords of 
the Admiralty. order'd me to ſhew them a Model of my centrifagal 
Wheel and Air-Pipes ; which having done, ſome of their ſh 
me the Honour to go to the Houſe of Commons, to fee the Operation 
of the Wheel fixed there. Sir Jacob Ackworth attended them, and 
ſeem d to approve the Machine as well as they did: and I was order'd 
to make a Blowing-Wheel with its Pipes, to be try'd on board the 
Kinjale at Wookvich, but leſs than that at the Houſe of Commons, that 
it might not take up too mach Room in the Ship. 


IR 


rdſhips did 


81 Jacob appointed a Day for Mr. Clutterbuck, (one of the Lords 
of the Admiralty) and himſelf, to go and ſee the Experiment: and 
| tho' I alledg'd that the Machine could not be done by that Time, 

he ſtill inſiſted upon the Day, and I made the Carpenter work all Night; 

but yet we could only ſend the Machine down in Parts, which Mr. Clut- 
terbuck could not ſtay to ſee put together that Day. | 

_S1R Jacob appointed another Day to ſee the Experiment; but when 

I came down with my Catpenter, who had put up the Machine, he 

found ſome Excuſe not to be there, but order'd ſomebody belonging to 
the Yard to ſee the Experiment. ELF 

_ THzRE was a wooden ſquare Trunk, whoſe' Bore was three Inches 

by five, (which we may call the Sucking-Pipe) reaching from the Car- 

penter's Store-room to the Engine, that was fix d between Decks about 
the Middle of the Ship, and another Pipe of the ſame Size going from 
the Engine two Feet out above Deck. | 

A SMOKE being made in the Carpenter's Store- room with Pitch, and 
other ſmoky Subſtances, then the Engine was ſet to work. After 
two or three Turns of the Wheel, holding one's Head over the Mouth 
of the Pipe above Deck, one might ſmell the Pitch and ſtinking Smoke; 
and holding a Sheet of Paper over the Hole, it was violently blown 
out of the Hand, and the Smoke came out black as from a Chimney, 
'till the whole Store- room was clear'd of the Smoke and Stink.” 

THEN the Valves about the Engine being chang'd from ſucking to 
forcing, (as there were written Directions for that Purpoſe) a Smoke 
and Smother was made in the Fore-part of the Ship between Decks, and 
twenty or thirty Perſons went down, and forwards, 'till they were 
within the Smell of the Fumes, and very hot. Then the Wheel being 
turn'd for blowing forwards, or forcing, the Smoke and Stink were firſt 
met by the Company, and having paſs d by them, freſh Air follow'd, 
which made them as cool as upon Deck. Another Company _ 
after, at ten Yards Diſtance, firſt met the Stink, and then the fre 
Air. 

ALL Perſons preſent commended the Machine ; only an old Man or 
two, who had been at Jamaica, grumbling, told my Carpenter, that 
tho this was the beſt Thing he had ever ſeen, he was ſure it would not 
be ſuffer'd to be put in Practice, 

AFTER this I waited on Sir Jacob Ackworth, who ſeem'd to me 
from Report to like the Machine well; but told me, there was no oc- 
caſion for my going down the next time; but that my Carpenter would 
be ſufficient to ſhew him the Experiment: ſo accordingly Kembel 
| av Whattley, 


v' 
.» 


IM 


Whattley, 'tny Carpenter, went down to make the Experiment, of 
which his following Letter is an Account. 


cc 


To the Reverend Dr. DESAGULI1IERS. 


STR, £ * . Weſtminſter, 1740, 
A® you  order'd me, I went down to Hoolwich to attend on Sir 
Jacob Ackworth, and I met him on board the Kinſale, to try 
the Experiment on the Air- Machine; and as he came on board he 
was very complaiſant to me, and aſk'd me if I was the Perſon that 
was appointed by Dr. Deſaguliers to attend him, in order to try 
the Experiment of the Air-Machine, and I told him I was. Then 
ſaid he to the Men, hoiſt the Wind-ſails, and the Wind - ſails were 
hoiſted. Now, ſays he to me, we have cut two Scuttle-Holes at 
each End of. the Ship, and you ſhall ſee what the Wind-ſails will 
do, it is our old Way when at Sea; and while they were hoiſting the 
Sails, I went down under Deck to put the Engine in order. But 
I had not been there long, before I was call'd for, So when I came 
up, it was to fee that the Wind-fails, that were put down, would 
blow out a Candle at one of the Scuttle-Holes. Now, faid he, I 
would have you work the Engine, and fee whether that will throw 
out ſo much Air as our Wind- ſails you ſee do. Lord, Sir, faid I, 
that, I imagine, was not the Intent of the Thing; it was to draw 
out the foul Air from any Part of the Ship, that there were Tubes 
to convey it from : it is impoſſible that a Thing, which is but three 
Inches by five, ſhould throw in as much Air, as a Thing two Feet 
ſix Inches Diameter. So we talk'd a-while, and at laſt he told me 
that he could not ſtay, but that he had thought ſo before, and that 


he was ſorry that the Machine would not do. Pray, Sir, ſaid I, let 


there be a great Smoke made in the Carpenter's Store-Room, and ſee 
whether the Engine, or your Wind-fails will deſtroy it firſt, Then 
he told me, that he could not poſſibly ſtay; but that Gentleman there, 
ſaid he, pointing to a pretty luſty Man that was preſent, ſhall be 
with you, and he and you may try the Machine as you pleaſe, and 
I ſhall think the ſame of it from his Report, as if I were preſent. 


So, Sir, it was then left to the Gentleman and me to try it; and I 


cc 


ac 


*© burn'd Pitch in the Carpenter's Store-Room, and made a great. 


Smoke, and order'd the Engine to be work'd, and it draw'd it out 
in leſs than five Minutes time, Then I turn'd the Valves, and 
« brought 


567 


568 


' POSTSCRIPT: 


brought in freſh Air; and, as I thought, it gave the Gentleman en- 
te tire Satisfaction: but however, we made as great a Smoke as before, 


and put down the Wind-fails, and then the Smoke was driven into 
ſeveral Parts of the Ship, and that not in half the Time that your 


« Engine did it in; and then it went out above Deck. Sir Jacob told 
*© me afterwards, that he was ſorry that it ſucceeded no better, but he 
te thought it might be a very pretty Thing in a Houſe. Sir Jacob de- 
e fires his humble Service to you; and when you come to Town, I 
„ ſhall be ſure to wait on you with the beſt Account of the whole Af. 
te fair, which I can't ſo well expreſs in writing, and am, Sir, 


Nour humble Servant to tommand, _ | 
KEMBEL WrATTLEy:” 


ue let every impartial Perſon judge, whether I have not Reaſon 
to a Saad for not one of the Lords of the Admiralty, (who talk'd 
of having many of theſe Machines for the Preſervation of the Health of 
the Perſons then going to Jamaica) ſo much as ſaw the Experiment 
made. Nay, Sir Jacob himſelf, who condemn'd the Thing, did not 
once ſee it; but made his Report from another Reporter, whom he left 


behind to give him an Account. 


Tnvs ended my Scheme, which Theped would have len 1 great 
Benefit tothe Publick. 


Laser Vear a Man came to the Royal Society, 150 brought, a Con- 
trivance with Copper Tubes, to bring all the fool Air of a Ship into the 


Fire under the Boiler in the Cook- room, to be diſcharg'd that Way. 1 


faid then I diſſik d it, becauſe the Air from the bulg'd Water, and all 
ſulphureous Steams, were in Danger of taking Fire, and by their Explo- 
Hon putting a Ship in Danger. This I hinted at in my former Paper, 
above quoted, out of the Tranſactions, Ne 400. 

AccoRDINGLY I am inform'd by one of the Lords of the Admi- 
ralty, that there is a Letter come to their Board, from a Captain Abroad, 
informing them, that, as he was making uſe of this Machine, the foul 
Air went off with an Exploſion. - 

Tur Reverend and Ingenious Dr. Hales, who has my little Wheel by 
him at 7. eddingion, has made Bellows, which blow much more ſtrongly, 
of which he has given a Deſcription in his Book lately publiſh'd, call'd 
Tux VENTILATORS; an Invention, which, I hope, will meet * 
due Encouragement; becauſe it may preſerve the Lives, and Healths, of 
a great _ People, in a great Number of Caſes. 
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Oey fir burn d ſeveral Waysbythe Author. — 


1 R, Its AQtion upon Water in Fq uo vivifying Spirit in it. 
* 206 ——- Malt to be ky with it. 


——its Nature, and ſome of = cord I Particles do not touch one another. >. 


— —— mee 


Properties „ Fs e deleri's, and ſeveral Experiments 
— i to om. made upon it. 1 10 390 
-preficn. po tan 17 MF. e 


b 7435 
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4 its Weight. 1 Ae, Dr. Fo. his Account of 1 
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uot mids ee " the Li Laing 406 of Glaſs broke within, the vat tre- 
ben compreſs'd, Animals can in it, maining entire. 6 
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ane, concerning,” it by che Author George Savi avilt. = 0029 SR 
' 405 410 2 of various Sorts. 465 115 0 
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ing it again, un d before the Royal ge ol che Riſe Fan of th — n 
| iss 27 10 27 Fo 
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Houſe of 42 for chang 7 7M . 
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An ALPHABETICAL INDEx. 
| Barometer; a marine one deſcrib'd. Page 303 © Pall, of the Air, is an inverſe Ratio of the 


Farenbeit's Mercutial one. 373 Weights that compreſs it. Page 25 
Brighton, Mr. Henry's, Deſcription of Holland's Burton, Spaniſh, a Pulley. 53 
ine at Wanſlead. 431 to 436 
— Deſcription of the Water-Works at C 
London-Bridge. 437-10 441 - Oulu. Algebraic for the Riſe of Wa. 
——his e of an excellent over-ſhot ter in IP 182 to *. 
1 mill Ar an. 45970 45 —Mobſ. Bel: 22282. che Con 
iption obGebwer's wc ſet up -. ſideration of 2 in $..4 y 4 
for Sir John Cheſter. 461 to 464 about the Difference of Height of 45 
Belidor, Monſieur, his curious e lumn of Mercury. 
about Syphons. „148 — for 2 the Center of Oſcillation. 5 43 to 55 
— his further Calculation about the ſe and Cafwell, Rev. Mr. Profeſſor's, Problem ſolv'd 
Conſideration of them in Aer th 167, & /eg. hr 


——— his Piſtons and Buckets. 181 — his excellent Barometer. to 256 
bean of a Corn- mill from bim. Car al Strings ſtrerch'd to illuſtrate Ne, 
427 1 431 by its Vibrations. 


— Deſcription of ay Machine at Marly, Cane of Elaſticity unknown. ibia, $ 
Tranſlated — him by the Author. vi 15 — — . 358, 19, 40 


449 Caution about a Pipe riſing up ins? a 2 7 


Bladdirs a Chain of them not ſufficient to ev from a Water-Engine., 127 
plain muſcular Motion.  —about the Baſon in which Jets, play. 140 
Beardi, Float, how q ſe; che W 1 Center of Preſſure. 11 3 114 
them in an under. jot Wheel. 425,.426, 427 ; Cheong! ſmoaking mie 
20 e of, not Matter of mere . þ's Hydrometr. of 8 'n 1 233 
rid 47 7 2 new C 529 
— filition of elaſlick, made up of Strata. A Clay-Balls, their PRE echhder . 1 92 
one perfealy hard, but ſoft ones made — Experiments made with them. 17. 
uſe of to ſhew What Effects might be expected ——how to make them fit for a 18 
from hard Bodies. 9 Clouds, the Formation of them. 306 60 316 
direct Stroke of, what. 10 Coach, an Obſervation about the Dew on the 
eee thoſe that have no Elaſticity, Glaſs i in | the Infide of it. — 4 


11 Cock k-Gage. + TR” is 1470 $15; 
AW determine their Motion ME 2 Stroke. Cald condenſes the Air. 
12 Comefloun, Water bd from thende 


——=Cangreſs of elaſtick ones. 20, 21 dinburgh. | 
bfi 185 Congreſs "90 31, & ſeg. er of a 's Force to. Faiſe 4 — ä 
—— their Congreſs a to Water- 1. he, with = orce.to raiſe Water. 505 
Wo e. Earl of Pembrole's Water: Ragite at - 
files of them ill, confider'd, $1 15 mw with the Lord Tilzey's at Wanſtead, 
——Coogreſs of them Np, explain 3 th. being made 11 Mr, Holland.. 524 4 5 20 
Meaſure of Forces, accord ing: bo, tha No Wann of Land Bridge Engine! with the — 
apd, the old Opinion. diere! of Marly. 4 as 
—weigh differently according to the different ere under hot. Cotũ · mill 4 
State of the Air. 236,237 Jy Mon, Belider, and _ over · ſhot — 
Bech, the Effect of the Preſſure of the Air upon mill deſerib d b Mi, Bg 531, 538+ 
a Man's. - 351 Compreſſon, Air's _ ren to = 
Bones afford fulminating Air. , 37 $3 
Bridge, We ane, we new Engine 5 az Air: Balk in an inverſe Ratio of it. 259 
115 there. 417 —of Air, by Experiments, ot 394 
ondan- Bridge, Water:Works, 437 10.441 Condenſationof Air. ibid. 
on „Effluvia, abſorb Air. 437 Copy oh — with a Gage for it. 396 
at Lambourn in \Berkfoire, in dur. 219.7 
and * in wet Weather. * 151 bow to 2 them of Air. 124 
I of Glaſs, riſing and falling in xy Water may be retarded by a too large, as 
and changing their ſpecifick, Gravities. 206, well as n too ſmall Pipe. 137 
fal FW arer-in them. 495 Cn als ef Bod - ack . 
— minating 0 ater in 181 207 0 ies. x | 
lets, Moni, Belidor's, . , in er mere Marte of Curio .1 6 tbid 
1 9 


of —— lo perfectly ſoft Bo- 
| hap habe por would por the ſame 


Effect. Page 6, 

of elaſtick Bodies. e fe 
—  —oblique. g 31, Cet. 
—— Fd to Water- Wheels. 35 


——ſtill conſider d. 43 3 to 48 
——equally explain'd by the Meaſure of 
Forces, according to the new and old Opi- 


nion. 62, 63, 64 
Caontrivance, new, & Farenbit's Merciftal* Ba- 

rometer. 373 _ 
—— of Dr Barker's, for a Breaſt- Mill. 453, 454 
Corn-Mill deſcrib'd.” | 427 to 425 | 
Coftar's En ine. 457 
Crown, ' Hiero's and Archimedes Propoſit 


about it, 199, 194 


E la Deuille's Engine described. gor, 
Deſcent of Rain conſider'd by the Aut — 
from the Philſophical Tranſactions. 306 70 


| 2 ALPHABETICAL INDEX. 
* Elaſtic Bodies made up of parallel Strata. Page 4 


——tingling Sound perceptible in thoſe that are 
moſt 10, 6 
7 2 of them. 20, #1 
" Engine, Pipe riſing into a Cite from one 
conſider d. 127 
8 —— ſeveral for diving. 211 7% 218 
 ———/ aulowie's for driving Piles. — a7 
Rev. Mr Holland's. 1 9% 436 
t London- Bridge, deſcrib'd by „Ur 
Brighton. 441 
— Marly in France, deſerib'd by the Au- 
thor. 7 442 to 449 
— Nuneaton, deſcrib'd by Mi? Ble 


450 to 455 


New, contriv'd by Dr George Barker. 
—PFrancini's, to make the moſt of 3 


Water. 
Ir. Ceflar's for the ſame Purple, 7 


leading the Water down into a Pit. 


316 ——— working Model of a new one, to 2 


further confider'd in a Paper ſent to 2 
deaux. 336 ts 350 
the Cauſe of it miſtaken by itz and 


Raftius. | 9 to 36 
Digefter, Water ſuſceptible of great Ha 7 ie 


Dire ions, Fluids preſs in all manner of. 125 
Diſcowſe on the Barometer by Dr Halley. 276 - 
27 
of Mr mo Patrick on the ſame. 23 
Difertation, Part of Profeflor Maclaurin's, wi 
3 to reconcile the two Opinions con- 
— the Force of Bodies. 65 to 67 
r Labelze againſt Stubner. 77 to 90 
— Author's, concerning Riſe of Vapours, 
Formation of Clouds, Deſcent of Rain. 
306 to 316 
Concerning Electricity, by the Author. 


316 to 6 
— new one of the Cauſe of the Riſe of 


| . and Exhalations in the Air, by the 
uthor. : 336 70 350 
Dive the Art of it. 201 10218 
— Letter from Mr. Martin Triewald to the 
Author, concerning his Improvements of 


the ſame. 218 
Dupxy's Engine deſerib'd. 499, 500 
p 
F7 Dinburgh, an Account of its Water-Pipes. 

126 

Faficity, its Cauſe unknown, 2 
——— an Attempt to ſolve it. 38 4% 40 
Proof of a Vacuum. 7,8 
Elaftick String, firſt accelerated, and then fe- 
tarded. 2 


w—re-afts in Lines perpendicular to it. 3 


Mr. Parent's Propofition 2 CR: 


Maximum experimentally, and to make a 
Mill without either Wheel or Lantern, 
by Dr. George Barker, and the Author. 49: 


— made by George Gerves: for Sir . 
Cheſter, and deſerib'd by Mr. Beighton. 461 to 


64 

— 0 raif{ Water by Fire. 465 t +490 
to raiſe Water by the Help of Ge 

ſilver. | 491 10.497 


——the Maximum for a _ to raiſe Water 
by one, is not above one Hogſhead ig a Mi- 
nute ten Feet high with moderate l 


—— Mr. Dupuy's deſcribd. 499, 555 
——— Meſf. G %, and de la Deuilli's deſeri 

501, F502 

——the late Mr. Richard Newfbam's for put- 

ting out Fires, deſcrib'd by Mr. 4 Labehe, 

505 14519 

of Water, as the ſquare Root of the 

eight of the Water above the diſcharging 

Holes. 112 

ment of Diſchar e of, Water thi 
round Hole of an ia 75 
os to try the Strength of Pipes. 2 
——how to try the Beauty of Jets. 

f Solids in Fluids. 185 

of the Hydroſtatical Balance. 194 

on Glaſs Bubbles, with Air and Water in 

them. 2206, 207 

—— on the Motion of Glaſs Images in Water. 

200, 210 

—the Torriceliian made many Ways. 252, 

253 

cf Mr. Ca Barometer. 253 ts 256 


© Ddddz Experiment. 
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of the beſt Way of filling a Barometer 
Fabe from. 'Profetlor FE. cker. 
Page 272 ½ 275 


by . a Model of a Mill without, Wheels, &c. 


459, 460 
on a Chain of Bladders, Oc. hs 292 
of one Man's Force, ob fg a 06-1 


of J. Clarke's C 323 
— the Blowing ee "Th FEE the 


Air in the Ship the Kinjale, made with Suc- 
ceſs, but not once ſeen by any of the Lords 


| of the 9 or by . the Perſon ap- 


pointed by them to examine it, who con- 


demn'd it, 567, 568 

Per Barometer "by boiling. 7% WS 

Fire, not elementary. 367 10 370 

| *—— Engine to raiſe Water by it. 46g 16 490 
Water ful minating by it. 94 


4 
, —Newhem's Engine for putting it out 305 ö 


to 51 
— what means the Fires made above — 
Houſe of Commons were ſo manag'd, as to 
beat the Houſe of Commons i of cool- 
ing it. 60, 561 


' Fhat- Boats, how to ſettle the Number of 


them in an under - hot Wheel. 425, 426, 4 
Fluid defin'd. RON s 
aul the Parts of it heavy 


al the real and — Surfaces o 5 


'd in all their Parts. 


equally 


—it will have an horizontal Poſition, 1 o 
Fluid: preſs in all manner of Directions. 101 
—— Solids compar'd with them. 102 
fand ata Level in communicating Mie. 

tacles. 105 
bo to eſtimate the Loſs of Weight of So- 

lids that fink in them. 185 to 188 


ho to-eſtimate the Force with which Bo- 
dies ſpecifically lighter emerge in them. 188 
— the Height of their Fall being given, to find 
the horizontal Velocity produced by that 
Fall. | 22 
— their uniform Velocity being given, to find 
the Height of the Fall producing that Velo- 


4 
na the Word taken in different Senſes Aa 


different Philoſophers, 49 1 54 
——taken in the ſame Senſe as N 
to 64 


Part of Profeſior Maclazrin's Di —— 
about it, wich Notes, to reconcile the two 
pinions. 65 to 76 


—Frederich Wilhelmus Stubner's Paralogiſms 


about it, conſider d by Mr. de Labelye. 77 to 


be Congreſs of Bodies equally explain'd 
by the meaſure of it, according to the new 
and old 2 62, 63, 64 


An ATPHABETICALINDEX. 


Force, how to eſtimate that with which Bodies 


lighter than Fluids in them, Page 188 
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Seas, Opinions, &c. among 1 Divines, Mathematicians, Phyſicians, Antiqua- 
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ſeveral Languages. By E. Chambers, F. R. 8. The Seventh Edition, in 2 Vols. Folio. 
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